| GENERALDESGN

DIPIRTM&NT or THI Aﬂﬂv

g le luol.nln DIVISION, CORPS OF lnomllns
e WALTHAM, uAs' I




DEPARTMENT OF THE ARMY
- NEW ENGLAND DIVISION, CORPS OF ENGINEERS
424 TRAPELO ROAD
WALTHAM, MASSACHUSETTS 02154

REPLY TO
ATTENTION OF:

NEDED-E | 7 March 1973

SUBJECT: Nookagee Lake, Phillips Brook, North Nashua River
Basin, Massachusetts, Design Memorandum No. 2,
General Design

HODA (DAEN-CWE-B)
WASH DC 20314

1. Reference is made to subject memorandum transmitted to your
office on 22 December 1972.

2. You are requested to insert Appendix B, Recreation Resources,
. and Appendix E, Thermal Simulation Analysis in their appropriate
places in the GDM.

FOR THE DIVISION ENGINEER:

2 Incl (14 cys) MEYER S. SLOTKIN
as ' : Acting Chief, Engineering Division



DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION, CORPS OF ENGINEERS
424 TRAPELO ROAD
WALTHAM, MASSACHUSETTS 02154

"REPLY 1O
ATTENTION OF:

NEDED-E ' 22 December 1972

SUBJECT: Nookagee Lake, Phillips Brook, North Nashus River Basin,
Magsachusetts, Design Memorandum No, 2, General Design

HQDA (DAEN-CWE-B)
WASH DC 20314

1. 1In accordance with ER 1110-2-1150, there is submitted for review
and approval Design Memorendum No. 2, General Design, for the Nockagee
Lake Project. BSince the memorandum was in an advanced stage of design,
the contents conform to the criteria set forth in Regulation No.
1110-2-1150 dated June 1970 and does not meet all of the requirements
of the new regulation dated COctober 1972. Noticeably, the new
requirement of a Phase I and Phage II submission has not been met.

The reformulation report, however, (cited in Para. 2 below) fulfills
the objective of Phase T in that it provides for an "objective
reassessment of the authorized project to either reaffirm the project
as authorized or to modify it as required to meet changed conditions".

2, Thig report conforms to modificetions made as a result of
reformulation of the project's purposes., A description of the
departures from the authorized plan and the reason for the changes
are outlined in the text of the report and in the report entitled
"Justification for Altering Project Purposes" dated 12 February 1971.
Subsequent to submittal of the reformulation report, minimum recreational
facilities and asgsoclated benefits have been added o Nookagee lake.
This represents the addition of a project purpose which wasg not
included in the reformulation report. A detailed report on the
results of the reformulation of the project has been sent to other
agencies for review and comment. '

3. In accordance with Paragraph No. 2 of Reference DAEN-CWE-B:

Letter of Approval of Report: "Justification for Altering Project
Purposes", dated 28 May 1971, the drafts of letters to the Office

of Management and Budget and to Congressional Committees were forwarded
to OCE on 29 July 1971.

4. Appendix B, Recreation Resources, and Appendix E, Thermal

Simulation Analysis are in an advanced stage‘'of preparation and wil.l
be forwarded for insertion within 1 month.



NEDED-E
SUBJECT: Nookagee Iake, Phillips Brook, North Neshua River Basgin,
Massachusgetts, Design Memorandum No. 2, General Design

5. ‘It is recommended that the project plan providing multiple-use
gstorage for flood control, water quality control and limited recreation
.be approved &g a bagis for the preparation of detalled Design - _
Memoranda and contract plans and specifications. :

rQ-»\-QM_»Z"\‘:‘

Incl (14 cys) - WM. IESLIE R
&s : ief, Engineering Division

FOR THE DIVISION ENGINEER :
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WATER RESOURCES DEVELOPMENT PROJECT

NORTH NASHUA RIVER BASIN

NOOKAGEE LAKE
PHIILIPS BROOK
MASSACHUSETTS

A. PERTINENT DATA

Flood Control, Water Quality

_Purpose
‘ Control, Recreation (Limited)

Location of Dam

State " Massachusetts

County : Worcester
Towns . Westminster & Ashburnham
River : Phillips Brook .~

Distance from:

Confluence Phillips Brook

and North Nashua River

Confluence North Nashua
and Nashua Rivers

Fitchburg, Mass.

Worcester, Mass.

Boston, Mass.

' Drainage Areas

Phillips Brook at damsite

Phillips Brook at mouth,
confluence with North
Nashua River ,

North Nashua at mouth,

- confluence with Nashua
River _

Nashua River at mouth,

confluence with Merrimack

River .
Merrimaqk River at mouth

Stream Flow

3.1 miles upstream

17 miles ypstream

3.6 air miles, northwest

23 air miles, north -

- 40 air miles, northwest

10.8 square miles

- 15.9 square miles

132 square miles

530 square miles

5000 square miles

Record of USGS Gaging Station on North Nashua River near Leominster,
(Drainage Area - 107 square miles) September 1935 to September 1967.

i



Time C _ o . e¢.f.8,

¢.f.s8/square mile

Average Annual {32 Years) - 188.3
Maximum Year* (1956) , 307
Minimun Year® (1965) 81,2

. Maximum Month (Mar. 1936) = . 1,280 .
Minimum Month (Aug. 19%1) -~ = 38.1
Maximum Day (18 Mar. 1936) 7,530

Minimum Day (27 Sep. 1936) 22
Instantaneous Max. (18 Mar. 1936) 16,300

- % Water Year, Oct 1 through Sept. 30

5, Meaximuwn Floods of Record

T 1,76
2,87
0.76

. 12.05

- 0.36
70.37
0.21

152

Record of USGS Gaging Station on North Nashua River near

Leominster, Massachusetts.

Peak Discharge

Time  e.f.s, c.f.s./square mile
18 March 1936 - 16,300 152
21 Sept. 1938 - 10,300 9% -
15 Oct. 1955 . 8,870 83
25 June 1944 - 8,100 76
‘12 March 1936 5,500 51
6. Reservoir Elevations, Areas and Capacities
. ‘ Elevations Area Acre Inches on
- Location Ft.,, nsl Acres Feet Drainage Ares
,Stfeambed at Dam 750.0 ,
Conservation Pool . 790,0 50 T00 1.2
Water Quality Control C ' .
Storage 816.0 190 3,000 5.2
Flood Control Storage 835.0 316 4,700 8.2
Spillway Crest 835.0 . 316 8 11400 14.6
. Meximum Surcharge . 81,7

- Recreation CLimited) El. 816.0-790.0



7.  Dam and Appurtenant Structures

a. Dam

Type : : Rolled earth fill with rock -
. protection

Top elevation 8k6.5
Top Width, Feet ‘ 25
Meximum Base Width, Feet : 800
Maximum Height, Feet 105
Length, Feet 2,000
Slope, upstream above berm lon3
Berm at elevation ~..770.0
Slope, upstream below berm ) lonéb
Slope, downstream to bern 1l on 2.5
Berm @ Elevatlon (vetween Sta., 6470 -

1‘5+OO) - 770.0

Freeboard, feet: _
above spillway design surcharge 4.8
above freeboard design surcharge 5.2

b. Spillway
Type : Uncontrolled concrete weir,
E , "L" ~Shape, side channel in rock .
Crest Length, Feet 215
Effective Length, Feet .. 201.3
Crest Elevation, Feet, m.s.l. 835.0
Maximum surcharge, Feet 6.7
Spillway design discharge, c¢.f.s. 13,900



7.

Dam and Appurténtant Structures (Cont'd)

c. Outlet Works

* (1) Flood Control

Type

Size of Conduit

Length of conduit, portal
to portal, feet

Conduit invert elevation,
feet, m.s.l. '

Rumber of Gates
Service Gates
Emergency Gates

Size of Gates

“Type of Gates

Elevation gate sill,
feet, m.s.1.

Upstream intake tower; dry-well
type and reinforced concrete,
rectangular shaped cut-and-cover
conduit

3lx5l

488

753.0

One

One

3" x &

Hydreulic operated
vértical slide gates

753.0

Discharge cepacity of outlet, reservoir at spillway

. erest, = 470 c.f.s.

(2) Water Quality Control

Type

Inlets _
Size of inlets
Blevations of inlets
@ centerline

Number of gates

8ize of gates

Type of gates
Number of valves
Size of valves

Type of valves

Standpipe
Size

Gate (branch conduit)

- Subject to change in design refinement,

Three inlets with a common standpipe
discharging into the flood control
conduit

2'=6" x 3°

805.0, 793,0, 781.0
Three

2'-6" x 3'

Slide

Three

30" dia.

Knife gate

48-inch dia.

1-3'x4' hydraulically operated
slide gate



8.

9‘

Criteria for Spillway Design Flood

Peak inflow, ¢.f.s. - 16, 500

Total volume of rainfall, inches : 21.8
Infiltration rate, inches per 3-hour period 0.20
Total volume of runoff, acre-feet 11,600

~ Totel volume of runoff, inches o . 20.2
Duration of storm, hours : 24
Reservoir stage at start of flood, ft. m.s.1. 835.0
Gates ‘ Closed

Real Estate

- a. Fee Acquisition

(1) Land
| Classification o A-reaz Acres
Agricultural ko
‘Residential - .30
Commercial : 5.
Developable - 30
Woodland & Cleared : - hoz
Roads & River 23

Total Land . 620

Note: An additional 16 acres of land to be acquired
to provide downsiream access. . -

(2) Improvements

Classification ' - ' Units

Residences' _ 20

Commereial o 3

Farms : -3
Potal Improvements 26



10. Relocations

a, Roads Existing Mileage - Proposed Mileage
Highways o 2.5 | _. © 3.9 -

b. Utilities
Electric Distribution ‘
lines 2.0
Telephone Exchange lines 2.8

11. Principai-Quantities

Common Excavation, General 293,000 c.y.
Common Excavation, Borrow 1,160,000 e.y.
Rock Excavation, Open Cut 56,000 c.y.
Rolled Earth Embankment 1, 200 00C e.y.
Gravel Bedding, Gravel Fill & Send Fill 1h8 000 e.y.
Rock Slope Protection 68,000 e.y.
Concrete - , 5,590 ¢.y.
Cement . : 8,400 bbl.
Steel Reinforcement o 330,000 lbs.

12. Estimated Project Cost (1972 Price Level)

Lands and Damages . 1,500,000
 Relocations . 1,h10,000
Reservoir 650,000
Dam and Appurtenant Structures 5,150,000
Access Road 5,000
Recreation Facilities 15,000
Buildings, Grounds and Utilities 130,000
Permanent Operating Equipment 60,000
Engineering and Design 910,000
Supervision and Administration 670,000
Total Estimated Project Cost $10, 500,000



13. Economic Analysis

Allochted‘

_ _ Annual © ° Anpnual ‘Benefit/Cost -
Purpose | . Benefits Costs . Ratio
Flood Control $ 730,000 $368,000 1,98
Recreation (Limited) - 34,000 23,000 . 1,50
Water Quality Control h532000 ' 297,000 1.52
Total $1,217,000 $688,000 1.77
14, Construction Period '
Dam and reservoir asnd _ o : =
gppurtenant . structures 3 years



WATER RESOURCES DEVELOPMENT PROJECTl

 NORTH NASHUA RIVER BASIN

NOOKAGEE LAKE
PHILLIPS BROOK, MASSACHUSETTS

DESIGN MEMORANDUM NO. 2
GENERAL DESIGN
DECEMBER 1972

B. INTRODUCTION

1. Purpose. - This memorandum furnishes information and
presents the general plan for the Nookagee Liake Project. It is
also intended to serve as a basis for further pla.nn:mg and for
detailed design. :

2, Scope. - This memorandum presents general data for the
entire project, including costs and benefits. The data contained '
herein will be supplemented and expanded as required by sub-
sequent detailed design memoranda.

C. PROJECT AUTHORIZATION

3. _Authorization. - The Noockagee Lake Project was éuthorized
by the Flood Control Act approved 7 November 1966, Public Law
89-789, which reads in part as follows:

""The project for the North Nashua River, Massachusetts,
is hereby authorized substantially in accordance with the
recommendations of the Chief of Engineers in Senate Doc-
ument Numbered 113, Eighty-ninth Congress, at an
estimated cost of $15, 816, 000, "

Nookagee Lake, as authorized as part of the North Nashua River
Plan, contained the project purposes of flood. -control, industrial
water supply, and recreation.



4. Reformulation. - Lack of interest in the industrial water

supply aspect and the obligation to include water quality control
required reformulation of the North Nashua River Plan., As a
result of reformulation, the purposes for Nookagee Lake were
changed to include water quality control in addition to flood control.
The justification for changing the project purposes (which affected
both Whitmanville Lake and Nookagee Lake) was submitted as a
report on 12 February 1971 and was approved as a basis for further
planning on 28 May 1971, The justification report and letter of '
approval were included as Appendix A of the Whitmanville Lake,

PM No. 2, General Design Memorandum, dated 31 August 1971,

‘5, Chief of Engineers Recornmendations. - In Senate Document

No. 113, 89th Congress, 2nd Session, the Chief of Engineers

", ...concur in the views and recommendations of the Board'", for
which the Board of Engineers for Rivers and Harbors recommended:

" a. That the general plan fOr development of the North
Nashua River Basin, -as presented by the Division Engineer, be
approved as a guide for immediate and future water resources
conservatlon, ‘

 b. That four of the reservoirs namely, Whitmanville,

' Nookagee, Phillips, and Monoosnoc, and the three local-protection
projects be authorized for construction in the interest of flood
control, water supply, recreation, and other purposes generally in

. accordance with the plan of the Division Engineer and with such

modifications thereof as in the discretion of the Chief of Engmeers
may be advisable, at an estimated first cost of $16, 090, 000, of
which $15, 503, 500 would be Federal and $586, 500 would be non- .
Federal, and at an estimated average annual cost for maintenance
and operation of $59, 600, of which $20, 200 would be Federal and
$39,400 non-Federal, prior to reimbursement for water supply,
and that any element of the plan may be undertaken mdependently
of the others whenever funds for that purpose are available and the
prescribed local cooperation has been furnished;

¢. That immediately following authorization of the four
reservoir projects, detailed site investigation and design be made
for the purpose of accurately defining the project lands required;
that subsequently advance acquisition be made of such title to



such lands as may be required to preserve the sites against
incompatible developmerits; and that the Chief of Engineers be
authorized to participate in the construction or reconstruction

of transportation and utility facilities in advance of project con-
struction, as required to preserve such areas from encroachment
and avoid increased costs for relocations; '

: d.. That przor to construction of the. Wh1tmanv111e,
Nookagee, Phillips, and Monoosnoc reservoir projects, re8pon—
sible non-Federal interests give assurances sat1sfactory to the
Secretary of the Army that they will: '

(1) Repay all the costs allocated to water supply, as

" determined by the Chief of Engineers, in accordance with the pro-
visions of the Water Supply Act of 1958 as amended, presently
estimated as follows:

Apportioned initial Annual operation,

Reservoirs . construction cost maintenance and
for water supply major replacements
Percent Amount Percent Amount
Whitmanville 29,4 $1,130,000  38.3 $2,300
Nookagee '36.5 $1, 980, 000 11.0 $2,200
Monoosnoc 27.6 . $ 720,000 9.5 . $1,600
2y ...

(3} Protect channels downstream of the reservoirs
from encroachments wh1ch would adversely affect operation of the
system; :

_ (4) Hold and save the United States free from all damages
due to water-rights claims resulting from construction and operation
of the reservoirs; and

" (8) Exercise to the full extent of their legal capability,
control against removal of water in the basin which will affect the -
reservoir's water supply storage and the development of dependable
stream regulations." (Note: These requirements have subsequently
been modified due to project reformulatlon - See Para, 51 - Project
Reformulatmn) -



D. INVESTIGATIONS

6. Latest Interim Report. - The interim report on review of
survey for flood control and allied purposes, Merrimack River
Basin, North Nashua River, Massachusetts, dated 25 January 1965
contains the report on Nookagee Lake. The report was published
without appendicies, except letters of comment, in Senate Doc~
ument No. 113, 89th Congress, 2nd Session. The preparation of
_the report was authorized by resolation of the Senate Commitee
on Public Works on 9 February 1961. The report recommended
that the watér resources plan for the North Nashua River Basin’
be authorized to provide seven reservoirs and three local pro-
. tection projects. Further, the report recommended that four of
the reservoirs, designated as Nookagee, Whitmanville, Phillips, .
and Monoosnoc, and three local protection projects be authorized
for immediate construction for the purposes of flood cont’rol,_ ,
water supply, recreation, and fish and wildlife conservation as
applicable. The report provided for construction of a multiple-
purpose project on Phillips Brook to include 4, 700 acre«feet for
flood control, 2,600 acre-feet for industrial water supply and 800
acre-feet for recreation with the total capacity equivalent to 13.8
inches of runoff from its net drainage area of 11.0 square miles.
The site is in the towns of Westminster and Ashburnham and is
about 3.1 miles upstream from the confluence of Phillips Brook
and the North Nashua River. : ‘

7. Prior Reports. - Flood control in the North Nashua River and
its tributaries has been considered in the following pubhshed reports
on the Merr:.mack River Basin,

a. "308" Report. - The Merrimack River in New Hampshire

and Massachusetts was studied by the Corps of Engineers under
provisions of House Document No. 308, 69th Congress, lst Session,
which was enacted into law with modifications in Section 1 of the
River and Harbor Act of 21 January 1927. The reports prepared
became known as the '"308" Reports. The Merrimack River report
was published as House Document No. 649, 71lst Congress, 3rd
Session.

b. 1938 Survey Report for Flood Control. - Following the
disastrous flood of March 1936, a report for the Merrimack River




Basin was submitted and published as House Document 689,

75th Congress. The report recommended modification of the
existing project, adopted in the Flood Control Act of 1936, and

to provide for the construction of a system of flood control re-
servoirs and related flood control works which may be found
necessary by the Chief of Engineers. This system was authorized
by the 1938 Flood Control Act and included four reservon‘s and
local protectmn projects at five 1ocat1ons being: .

Prolect

o I ;  Year .
Dams and Lakes - Present Status Completed

Blackwater Dam .. . . : Completed _ _194.1
Edward MacDowell Dam -Completed 1950
Franklin Falls Dam = = Completed 1943

. Hopkinton-Everett Lakes _ Completed 1962

N deal Protection

‘Fitchburg ~ Completed ...~ 1937

~ Haverhill ' ' Completed = 1938
North Andover & Lawrence - -Inactive o -
Lowell - : - Completed - 1944
Nashua o : Completed = - 1948

c. NENYIAC Report. - The report of the New England- B
New York Inter-Agency Committee (NENYIAC) considered all as-
pects of the land and water resources of the area. The report was
published as Senate Document No. 14, 85th Congress, lst Session:
Chapter XV of Part Two of the report covers the Merrimack River
Basin in New Hampshire and Massachusetts, The NENYIAC Report
considered the problem of flood control and determined that there ‘
was need for additional flood control measures in the basin.

- 8. Studies in Pr_gress’. -

a. The North Atlantic Regional Water Resources Study. -
The NAR Study is one of 20 regional comprehensive water and related
land resources stud1es conducted throughout the United States under




guidelines established by the Water Recources Council,  The

NAR study was ‘authotized by the 1965 Flood Control Act (Sectmn
208, Public Law 89-298)}. The study's obJectwe was to es~
tablish a broad master plan or framework to serve as a basis

for future regional water resources development and management.
The requirements and needs of the people of the region were con-
sidered in analyzing water resource needs including water guality
control, flood control, municipal and industrial water supply,
1rr1gat1on and rural water supply, navigation, hydroelectric power,
‘recreation, f1sh and wildlife and other environmental resources.
These needs were projected through the year 2020. The study
began in 1969 and was completed in 1972,

b. Northeastern United States Water Supply Study (NEWS). -
The unprecedented drought that started in 1960 over the northeastern
seaboard of the Nation, led Congress to authorize the Sec_re_tary of
the Army, in October 1965 (Public Law 89-298), to cooperate with
Federal, State, and local agencies in preparing plans to meet the
long-range water needs of the Northeastern United States., It an-
ticipated that such plans may include major reservoirs, major con-
veyance facilities to transfer water between river basins, and major
purification facilities to be constructed under Federal auspices with
appropriate non-Federal financial participation. The water supply
study was initiated in 1966 and is scheduled for completion in FY1974,
Utilization of existing polluted water resources to help meet the
water supply needs of the metropolitan centers of the Northeast is
‘being investigated under the Merrimack Wastewater Study.  This -
wastewater study is similarly being conducted under the authority of
Public Law 89-298 and is one of 5 such feasibility studies being made
throughout the nation,. These pilot studies are being carried out by
the Corps of Engineers under a cooperative agreement between the
Department of the Army and the Environmental Protection Agency.
The first phase (Feasibility) of the Merrimack Wastewater Study was
completed in September 1971, The second phase of study (Survey
and Scope) is presently under way and is scheduled to be completed
in late 1973.

9. Current In{restiga.tions, - Studies for the project pla.n.utilized
" the basic data obtained for the previous investigations. In addition,
the following new data were obtained and studies made: ..~




_ a. New photogrammetric maps of the reservoir area _
were made and new area capacity curves computed. A new large
scale topographic survey map of the damsite was prepared.

b. All available subsurface information has Been rev1eWed
and the geological and soils investigations of foundation cond1t1ons
and embankment materials are be1ng completed.

c. Hydrologlc studies have been reviewed and new studies
have been made to determine the reservoir capacity, the spﬂlway
‘design flood and outlet requirements. The DM on Hydrology _
(Revised) was prepared and submitted to the Chief of Engmeers and
was approved in November 1971,

d. New preliminary appraisals ‘of lands and damages to -
improvements in the reservoir, work and borrow areas have been
completed and are reported in Section U of this Memorandum.

- e. Relocation of roads within the reservoir. has been dis~
cussed with State, County, and Town o£f1e1als. Prehmmary studxes
of the affected roads have been made..

. £, R_elocations of ut;i_lities have been discussed with the
owners and preliminary studies have been prepared.

10. Coordination with Other Federal and Non-Federal Agencies, -

a, Federal Power Commission., ~ During the preparation of
the interim report of January 1965, the Federal Power Commission
reviewed the power potentialities of the six proposed multiple-purpose
reservoir projects on the North Nashua River tributaries. .The Com-
mission concluded that none of the six proposed reservoir projects
are adapted to practicable and economic development of hydroelectric
power in conjunction with other project purposes. The views of the
Federal Power Commission were confirmed in letter dated 30 Jan-
uary 1964, which is included in Appendix C of this Memorandum.

'b. U. S. Department of Health, Education and Welfare. -
During the review of the 1965 Survey Report of the North Nashua River
Basin, the Department of Health, Education and Welfare pointed out
the need for providing in these projects storage for water quality




control to supplement the waste treatment program. HEW stated
that studies were then being made by their Office to determine
 the level of waste treatment to be required of industries and
municipalities in the basin and the studies would be followed by -
establishment of a schedule for abatement. Upon establishing the
' .abatement schedule, HEW intended to make firm projections of
need for storage for water quality control and intended to prov1de _
- this mformatmn to this Office upon completion.

During the study of the water quality needs, the Federal
Water Pollution Control Administration was transferred from HEW
- to the Department of the Interior, While under the Department of
the Interior, the Northeast Reégion of FWPCA prepared and sub-
mitted to the New England Division in April 1968 a report entitled
"Water Quality Control Study, North Nashua River Ba.sm, Massa-
chusetts'.

Although the primary responsibility for water quality:no
longer remains with HEW, coordination with HEW with respect to
health hazards has been pursued. Comments on the reformulation
 of the Nookagee and Whitmanville Lake projects were requested
from HEW.

c. The Environmental Protection Agency. - With further
reorganization, the FWPCA became the Water Quality Office (WQO)
under the Environmental Protection Agency. NED has maintained
close coordination with the Regional Office. As stated in Paragraph
4 (Page 2) of Appendix A of the Whitmanville DM No. 2, the WQO
 did update the minimum flow requirements based upon a more
.eritical reach of the river. A detailed report on the results of the
reformulation of the projects was sent to the Water Quality Office
of the Environmental Protection Agency for review and comments.
Comments received have been included as Exhibit C-3.

_ d. Commonwealth of Massachusetts, Water Resources Com-
mission. - During the review of the Survey Report on the North
Nashua River, the Water Resources Commission on behalf of the
Commonwealth of Massachusetts expressed a vital interest in the
. multiple-purpose development proposed by the New England Division
and would support "any State legislation necessary to carry out the
local requirement of the project' - Appendix C, Exhibit C-5. During




the period of reformulation, the Water Resources Commaission
reaffirmed its strong interest in the projects and specifically

the need for inclusion of water quality storage - Exhibit C-7.
Comments on the reformulation were requested from the Com-
mission. Response to the reformulation was received from the _
Governor by letter dated 23 July 1971 (Exhibit C-6).

e. Coordination with Other Federal and State Agencies. -
Comments on the reformulation of the Nookagee Lake project as .
well as the Whitmanville Lake project were requested from the
following agencies:

Federal:

Office of Water Hygiene, EPA

Department of Housing and Urban Development
Federal Highway Administration

Department of the Interior (Fish and Wildlife Service)

State:.

Division of Environmental Health
Division of Fisheries and Game
Department of Natural Resources
Water Pollution Control Division
 Department of Public Works

Regional:

New England Interstate Water Pollutmn Control Commls sion
'New England River Basins Commission :
New England Regional Commission

Montachusett Regional Planning Comm1ss1on

The comments received are included in Appendix C.

S 11, Pﬁblic Hearings, -

a, Survey Report. - A public hearing was held on 13 Nov-.
ember 1962 in Fitchburg, Massachusetts, to determine the’ need for
additional projects for flood control and allied purposes on the North




'Nashua River, Merrimack River Basin. Improvements requested.
by representatives of Federal, State, and municipal governments
included flood control dams and reservoirs and various local
improvements. '

b. Recent Hearings. -

(1) On 17 July 1969, an open information type meeting -
was held in Westminster, Massachusetts.  Approximately 50 local
and Fitchburg residents as well as conservation and planning board

‘members attended. The meeting afforded an opportunity to review
the Nookagee and Whitmanville Lakes project features and pur-
poses, discuss the effect of withdrawal of support for the industrial
water supply purposes, and discuss future planning. The hearing
was well received and the attendees expressed interest in the pro-
jects and, in particular, the recreational aspects. No expressions
of opposition to the projects were voiced at the meeting.

(2) A second special open information type meeting
was held on 7 December 1971 in Westminster, Massachusetts at the
request of Selectmen of the Town of Westminster. The meeting
attracted approximately 50 residents of the Town who were directly
or indirectly affected by either the Nookagee or Whitmanville Lake
projects. The majority of those making statements expressed op-
position to the projects. Subsequent to the meeting, those opposing
the projects were instrumental in having a resolution passed at the
annual town meeting placing the Town in opposition to the projects.
The reaction by the Town is similar to the reaction of other com-
munities faced with imposition of projects in their midst. Loss of
homes and taxes in their town, while other towns benefit, is an’ '
understandable concern on the part of the inhabitants. Represen-
tatives from NED and the State have attempted to show the Town
‘officials and the concerned citizens that many of their fears are un-
founded. Comments from the Selectmen and the Corps response to .
the comments are included in Appendix C.- ' '
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E. LOCAL COOPERATION

12. Recreation (Limited). ~ During reformulation of the pro-
jects, the Whitmanville Lake site was found to be the more
suitable site for extensive recreation development. The Whit-~
manville site offered the primary advantages of a stable pool,
a more interesting shoreline, and more suitable land for develop-
ment. In reviewing the reformulation report, OCE recommended
that minimal facilities be provided at the Nookagee site. NED,
along with the U. S. Fish and Wildlife Service and the Common-
wealth of Massachusetts, agreed that minimal recreational
- facilities should be provided at the site, It was further agreed by
all three pa.rt1es that the facilities should be oriented along the
primary interest of fishing. The report by the U. S. Fish and
Wildlife Service, Appendix A, defines the fishing potential of the
lake and the stream below the damsite. Corps personnel have met
with representat:.ves from the Service and the State to review the
report. Both agencies were informed that the Corps agreed with
the report and also agreed with the recommendations with minor
exceptions. The Service's recommendation to mitigate the loss’
of 2 miles of stream fishing by Mopening up'' the 2 mile reach of
the stream below the damsite is considered reasonable (actual loss
is 1-3/4 miles). An investigation is presently being made to ,
determine the feasibility of obtaining easements along the stream
to the extent recommended. Acquisition of land along the. stream
will be made’ only if easements cannot be obtained and if it is
deemed essential to the downstrea_.m plan. A more detailed dis-
cussion on the report is included in Appendix '"B'" Public Use-Land
Use Requirement Plan. The representative from the State indicated
that the State would not (due to drawdown and financial conside ra.t1ons)
participate in any extensive development at the site and. consequently
recommended that minimal facilities be provided. The U. S.. Fxsh -
and Wildlife Service concluded that the minimal development con-
cept, would still provide the amount of benefits listed in their report.
On the local level, strong interest in the recreational develo.nments
has been expressed by the Cities of Fitchburg and Leominster..

13, TFlood Control & Water Quality Control. .- Based upon reformu-
lation of the projects {(See Para. 51, Project Reformulation), and
as modified by Comment 19 of lst Indorsement to Whitmanville Lake
DM No. 2, local interests are required to: (1)} protect channels

- downstream from encroachment, and {2) control against removal of
water in the basin. Flood control and water quélity control benefits
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. are widespread and their costs are considered entirely Federal.
Efforts on a local and regional basis (See Paragraph 32) de-
monstrate the seriousness and determination inhabitants of the
basin have in cleaning up the pollution and in protecting the -
natural resources. Strong support for the flood control and

- water quality control aspects has been expressed by the City of
Fitchburg (Exhibit C~10) and by the Commonwealth of Massachu-
setts (Exhibit C-5 of Appendix C). Protection of the channels
from encroachment is being actively pursued by numerous cities
"and towns along the North Nashua and Nashua River. The cities
of Fitchburg and Leominster have filed requests with the Corps
for flood plain management studies. The City of Nashua, New
Hampshire is in the midst of rezoning which includes an ordinance
for flood plain zoning. The Town of Pepperell has passed flood
" plain zoning by-laws. The Montachusett Regional Planning Com-
mission has taken the position that flood plain zoning in down-
stream communities should be required prior to construction of
the flood control projects. '

. F., LOGATION OF_PRO'JECT AND TRIBUTARY AREA

14. Location of Project. -~ The Nookagee Lake Project is located
on Phillips Brook in the Towns of Westminster and Ashburnham,
Massachusetts (Plate 2-1)., Phillips Brook has its source in
Winnekeag Lake (El. 1,126 m. s.1l.) in the Town of Ashburnham

and flows in a socutherly direction for eight miles to its confluence
with the North Nashua River, It has a drainage area of 15,9 square
miles and a total fall of about 600 feet. The damsite is about 3.1
miles above the confluence of Phillips Brook with the North Nashua
River. The lake will extend upstream about 1.4 miles and control
a drainage area at the damsite of 10.8 square miles.

15. Description of the North Nashua River Basin. - The North
Nashua River Basin is situated in north-central Massachusetts in
the northern portion of Worcester County. The basin encompasses
three cities and seven towns lying wholly or partially within the
basin. The largest urban area, Fitchburg-Leominster, is one of
ten Standard Metropolitan Statistical Areas (SMSA) in Massachusetts
and constitutes the major population center within the basin. The
area is about 40 miles from Boston and 25 miles from Worcester,

12



The North Nashua River is formed at the confluence of the
Whitman River with Flagg Brook in the city of Fitchburg, Worces-
‘ter County, Massachusetts, at an elevation of 590 feet above

mean sea level and has a total fall of 365 feet over its.18.2 miles
of length. The river pursues a generally northeasterly course

for about three miles into the center of Fitchburg and then turns

to a generally southeasterly course for about eight miles to the
USGS gage in Leominster, and thence seven miles to its confluence
with the Nashua River in the town of Lancaster., The 132 square
mile watershed of the North Nashua River, contributes to the
Nashua River drainage area of 530 square miles, and in turn con-
tributes to the Merrimack River drainage area of about 5,000

- square miles. ' : ' !

G. RECOMMENDED PROJECT PLAN

16. Recommended Project Plan. - The recommended project plan
provides for a rolled earthfill dam with rock protection, 2, 000 feet
long and 105 feet in height above the stream bed (Plates 2-2 and
2-3}, An "L'-shape side channel spillway with a 215-foot uncon=
trolled concrete weir will be located in a rock cut in the left abut-

- ment with the spillway crest at elevation 835.0, The outlet works
will consist of a 3-foot by 5-foot cut-and-cover concrete conduit
founded on earth in the right abutment of the dam.

Ashburnham Street, a two-lane bituminous surface State
road (Route 12) which runs adjacent to the brook, will require re-
locating and raising above the guide taking line, a total of about
1.5 miles, The intersection of roads; Dean Hill, Fred Smith,

~  Sheldon and Mclintire with the new Ashburnham Street will be mod-

ified to provide a smooth and safe transition for traffic. Dean Hill,
‘Fred Smith and Bean Porridge Hill Roads will become "dead end"
in the vicinity of the reservoir. The existing Ashburnham Street
will be truncated just below the dam and a turnaround provided. A
connecting road {(Spur Road) will be provided between the truncated
Ashburnham Street and Bean Porridge Hill Road. The connecting
road will serve as the main route for school busses and fire
apparatus servicing the northeastly segment of the town and the
road will also provide access to the top of the dam. Presently, the
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‘primary route for Town service vehicles, located in the western
part of the Town, is by way of Bean Porridge Hill Road. Potato
Hill Road was determined to be unacceptable as a service road
due to its steep grades (11 to 13%).

Eléctric and telephone lines will be relocated along the
- relocated road. No water lines are required to be relocated.

The structures, improvements, and relocations are de-

. scribed in detail in Secﬁon M - Description of Proposed Structures
and Improvements. The vatious structures and topography at the
site, and proposed a11gnment of road relocatlons are shown in
Plates 2~2 and 2-3, '

H. DEPARTURE FROM PROJECT DOCUMENT PLAN

17. Project Document Plan, - The Noockagee Lake Project, along
with the Whitmanville Lake, Monocosnoc Lake and Phillips Dam,
was authorized by the Flood Control Act of 7 November 1966 sub-
stantially in accordance with Senate Document No. 113, 8%th
Congress, 2nd Session. The plan proposed that the Nookagee pro—
ject be authorized with flood control, industrial water supply, and
recreation as project purposes. The flood protection would-cbnsiét
of 4,700 acre-feet, equivalent to 8. O~-inches of runoff from a
drainage area of 11.0 square miles. The industrial water supply
storage was to consist of 2,600 acre-feet (4, 4-inches of runoff)
and 800 acre-feet (1.4- inches of runoff) was to be allocated for
recreation. Using topographical data derived from USGS quadranglke
- sheets, the required capac:.ty set the spillway crest elevation at
835 feet m. s. 1

18. Dgparture from Pr.ojec't Document Plan. -

_ a. Reformulation, - As a result of the reformulation of
Nookagee Lake, as stated in Section O,- Project Reformulation and
Evaluation, the approved changes to the project include:

{1) Deletion of the industrial water purpose,
{(2) Inclusion of 3, 000 acre-feet of storage for
low flow augmentation for water quality control, and

14



(3) . Transfer of the main recreational development
from the Nookagee site to the Whitmanville site. Recreational .
development for Nookagee Lake 1s to be limited a.nd will consist
of basic minimal facilities.

b. Planning and Design. - In addition to changes in pro-
ject purposes for Nooka.gee as stated above, the following modi-
fications and changes from the authorized document plan have
been made based upon development of detailed planm.ng and de-
sign studies. ‘

(1) The area capacity curves developed from the new
plane table maps of the reservoir indicated that for full pool
(Elevation 835.0) the storage volume was 300 acre-feet (4%)
greater than that determined in the survey report, The contributing
- drainage area was found to be 10.8 square miles rather than 11,0

square miles, '

(2) The top elevation of the dam has been lowered
from elevatlon 848 0 to 846.5 m. s.1, , due to the combmed effort
of changes in the spillway design flood inflow hydrograph ‘crest
length and d1scharge coeff1c1ents.

l N
(3) The outlet controls have been changed from two

independent works to a single-multi-purpose outlet works; due to -
changes in project purposes and for economic reasons.

(4) Economic studies of spillways of various lengths in-
dicated that an "L''-Shape side channel spﬂlway of 215-foot length
should be adopted

(5) A c11mb1ng land (1. 6 miles in length) has been added
to the relocated segment of Routeé 12 to meet the m1n1mum road-
standards of the State.. : :

' (6) The acces_s road to the top of the dam has been '
modified. A connecting road (spur road) between the truncated seg-.
ment of Ashburnham Street and Bean Porridge Hill Road was added
- for reasons previously stated in Section G. Access to the top of the

dam will be by way of the connecting road. :
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(7} Subsurface explorations have indicated that an
impervious blanket should be added upstream of the dam to
minimize seepage and to reduce uplift pressures on the em-
bankment, :

~ {8) The centerline of dam was moved in a southerly
direction from the alignment selected in the 1965 report At the
east abutment, the alignment was moved 100 feet south and at the
west abutment it was adjusted approximately 150 feet south. The
change in alignment was based upon more accurate survey data,
" field reconnaissance and on subsurface explorations, '

(9) An Overlook Area has been added adjacent to the
relocated Route 12 at a point east of the damsite,

I.' HYDROLOGY & HYDRAULICS

19.- Reservmr Capac:.ty. - Flood control reservoirs in New England
built by the Corps of Engineers, generally have capacities equivalent
to 6 to 8-inches of runoff from the contributing drainage areas.

The exact amount of storage is dependent on the geographic location
of the reservoir and physical limitations at the site. This amount

of storage is required for effective control of the Standard PrOJect
Flood and also for control of floods, the magnitude of such historical
events as the November 1927, March 1936, September 1938, and
more recently the October 1955 flood. - -

The hydrologic characteristics of the watershed dictated that
‘at least 8-inches of flood storage be recommended for authorization.
Since the Wh1tmanv111e Lake Project contains seasonal encroachment
on the flood control pool, there is added significance in providing
8-inches of storage at Nookagee on a year round basis. Based on .
more detailed photogrammetric mappmg, the recalculated dramage
area for the Nookagee Lake Project was found to be 10,8 square.
miles instead of 11,0 square miles estimated in the survey report,
The decrease in the estimated contributing drainage area will pro-
vide an actual flood control storage equivalent to 8. 2-inches of runoff.

Natural discharge :Ere.quency curves at index stations on the
North Nashua River were presented in Design Memorandum No. 1,
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Hydrology (Revised), dated July 1971. The Whitmanville and

Nookagee projects will reduce floodflows on the North Nashua

in Fitchburg generally by about 55-percent. Similarly, flood-
. flows will be reduced at the USGS gage in Leominster’ by about
40-percent.

_ Following the record 1936 and 1938 floods, high water
elevations along the North Nashua were recorded and this data

was published by the U. S. Geological Survey. Profiles of these
floods were shown in: "Water Resource Development Plan,

North Nashua River Basin, " Appendix C, dated 25 January 1965.
In a recurrence of these record floods, the reservoirs would
generally reduce flood stages from 2 to 4 feet through Fitchburg
and Leominster. Reductions would become progressively less
downstream with a reduction of about 0, 5-foot on the Nashua

River at East Pepperell and about 0. 3-foot at Nashua, New Hamp- -
shire, .

20. Spillway Design Flood. - The spillway design storm was based.
‘on the probable maximum precipitation ovér a 10.8 square mile
drainage area. The depth of rainfall over the Phillips Brook water=
shed upstream of the damsite totaled 21.8-inches. Losses were .
assumed at a rate of 0.2-inches per three-hour period resulting in
a rainfall excess of 20.2-inches. The rainfall excess values were
applied to the adopted unit hydrograph for 7.9 square miles of land
area. To this was added the direct rainfall on the reservoir itself
plus the routed outﬂow from Winnekeag Lake resulting in an inflow
hydrograph with 2 peak of 16,500 c.f.s. With a spillway length of
215 feet (effective length of 201.3 feet) and discharge coefficient
varying with head, the spillway design flood hydrograph was routed
through the reservoir, The flood was routed assuming two starting
elevations: (a) reservoir at 50% flood control capacity (El. 826.6),
‘and (b) reservoir at spillway crest El. 835.0. For both conditions,.
the flood control conduit cutlet was assumed inoperative. For the
selected spillway length of 215 feet, the resulting surcharges for
the two conditions stated above were 6.3 and 6.7 feet, respectwely. :

21, Freeboard and Top of Dam. - In accordance with EC 1110-2—27 -
a freeboard of 5.0 feet was allowed for the above condition (a} and
3.0 feet was allowed for condition (b). The top of dam required
for condition (a) was determined to be 846.3 and for (b) 844.7. The
adopted elevation for the top of dam was 846,5, The design spﬂl- ‘
way dlscharge was determined to be 13,900 c.f.s.
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Summariied: o ' Case (a) ' Caée (b) .

Reservoir elevation at start of flood 826.6 835.0

Spillway crest elevation (m.s.l.) - 835.0 1 835.0
Surcharge (feet) ‘ : 6.3 6.7

_ ‘Mmlmum freeboard (feet) Top of Da.m 5.0 3.0
846.3 844.7

Selected Top of Dam: 846.5

22. Qutlets. - The outlet works for Nookagee Lake will consist
of a gated intake tower with a primary flood control outlet at the
bottom and a secondary tri-level outlet to permit selective with-
drawal of water quality releases.

A 3 x 5«foot conduit was selected as the primary outlet to
handle (a) normal stream flows, (b) pass discharges for r‘egulatibn
of the reservoir during floods, (c) permit evacuation of the flaod
storage within a reasonable period of time and (d) pass a flood of
reasonable size during comstruction. This conduit will have a cap-
acity of approximately 413 c.f.s. with the pool at 816, 0 and 470 c.f.s.
with full pool.. ' ' : .

The selective withdrawal outlet system was designed with
the aid of the thermal simulation and dén’sity current analyses which
are reported in Appendix E of this Design Memorandum. Each out-
let has the capacity to discharge the range of flows up to 110 c.f. s.
(10 c. s.m.) with the pool at elevation 816, 0 feet m.s.1l. This
capacity provides capability to control the quality of releases made
during those minor flood events (up.to 5 year recurrence interval),
which would encroach on the flood control storage but do not mate-
rially upset reservoir stratification, ' '

23, Channel Capacity. - The non-darr_iaging_ channel capacity of | _
Phillip’s Brook, dowhStream of the dam, is estimated‘to be 300 ¢.f. 8.

24, Supplemental Presentahons. - Hydrologic analys:.s for the sub=-
Ject Whitmanville and Nookagee PrOJects was presented in greater
detail in DM No. 1, Hydrology (Revised). Detailed hydraulic analysis
will be presented in DM No, 9 to be submitted at a later date.
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The minimum guide taking elevation was selected at
840, 0 feet m.s.1l., 5 feet above spillway crest. This guide
taking elevation will provide a high degree of protection against
flood damage to non-Federal property surrounding the Lake.
The minimum guide taking line was further governed by the
minimum horizontal distance requirement as defined in Section U,

Sedimentation of water bodies in New England,is in-
S1gn1f1cant consequently, a sedimentation analysis was not per-
formed. Existing lakes and reservoirs in the watershed sub-
stantiate this conclusion. The influence of the reservoir on the
groundwater levels is expected to have only a minimal effect within
the close proximity of the pool. The ''tightness'' of the reservoir
and the elevations of the subsurface water are discussed in~
‘Paragraphs 9 and 10 of DM No. 7, Site Geclogy.

J. WATER QUALITY CONTROL

25, General. ~ Serious pollution exists in the North Nashua River
from the mouth of the Whitman River in Fitchburg to the con-
fluence of the North and South Branches of the Nashua River at
Lancaster. Discharges from the paper mills and sewage treatment
plants, particularly at Fitchburg and Leominster, contribute to the .
problem by causing high bacterial densities with suspended solids, g
nutrients, and organic matter which increase biochemical oxygen -
demand. The waste discharges far exceed the assimilative capacity
of the stream. As a consequence, the water quality is badly de- .
graded, resulting in obnoxious and nuisance conditions. The tri-
butary flows upstream of the waste discharges are generally of ex-
cel]ent qua.l:Lty and a good environment for biological life. ‘

26. Comprehensive Water Quality Control Study. - At the request
of the Corps of Engineers, the Water Quality Office of the Environ-
mental Protection Agency investigated the need for regulations. of
-streamflow for water quality purposes in the North Nashua River
Basin. Their conclusions were published in a report dated April
1968 entitled "Water Quality Control Study, North Nashua River
Basin', and surmmarized the water quality problem as:

a. The North Nashua River is in a nuisance condition below .
Snows Mill Pond, mainly due to industrial and municipal pollution
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arising in Fitchburg and Leominster. Allowing for industrial
and population growth, it is foreseen that water quality will not
meet standards set by the Commonwealth of Massachusetts even
if all waste received 2 high degree of treatment at its source.

b, Flow in the North Nashua River Basin is now re-
gulated privately for industrial water supply purposes. Additional
low flow regulation by the authorized reservoirs for purposes .
other than water supply would in conjunction with adequate treat-
ment of wastes at their source and continued regulation of exis‘ting
reservoirs, result in meeting the approved state standards and in
maintaining a suitable water quality for the foreseeable future.

c. Benefits due to the improved quality would be widespread
and of major economic significance to the entire region. They would
include enhanced real estate values, an improved acquatic environ-
ment, enhanced recreational opportun1t1es a.nd an upgrading of the

_general economy of the region. :

d. Facilities sufficient to maintain minimum flow require-
ments, should be incorporated in the water resources development
plan for the North Nashua River Basin.

27, Water Quality Standards. - Water quality standards, as re-
commended by the Massachusetts Division of Water Pollution Control
and as approved by the Massachusetts Water Resources Commission,
- and the Secretary of the Interior, have been established for the

North Nashua River. These standards require that: (a) secondary
treatment, or its mdustmal waste equivalent, be provided for all
wastes on the North Nashua River; (b) that certain watersheds de-
signated for water supply shall meet Class A criteria; (c) that all .
other tributaries shall meet at least Class B criteria; and (d} that
the main stem of the North Nashua shall conform to Class C criteria.
Class C requires a dissolved oxygen content of not less than 5 mg/1
during at least 16 hours of any 24-hour period nor less than 3 mg/1
at any time. Complete data on classification criteria of the Common-
wealth of Massachusetts were included in Appendix B of the Whit-
manville GDM and classification locations in the North Nashua_, Basin
are shown on Figure 1.

28. Future Waste Loading. - Future waste loadings in the years of
2020 and 2070 are expected to be geographically similar to that of the
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- present. The major contributions are expected to be from the

industrial pollution sources and to a lesser degree from cities
and towns along the North Nashua River. The implementation
program to achieve the water quality standards will result in a
marked reduction of pollutants discharged in the stream. But
even though a high degree of future treatment is achieved, it can
be expected that treated residual waste loadings to the river,
though much less than at present, will increase with time due to
industrial and population growth.

29. Augmentation Requirements. - The minimum flow require- |
ments for water quality control in the North Nashua River were
presented to the Corps in the 1968 report of WQO. The report
established requirements at the Leominster Gage and were sub-
sequently updated based upon more critical measurements at

Arden Mill Dam upstream from the Leominster Gage (Plate 2~1),
With the targets set by WQO, the New England Diviéion_ determined .
the storage and releases necessary to meet these requirements,
The study revealed that storage of 3,800 acre-feet would provide
with 95% dependability the flows needed for water quality control,
The storage requirements includes 100 acre-feet to compensate

for evaporation and other losses. A detailed analysis of the water
quality storage requirements were included in the Hydrology '
" Memorandum No. 1 (Revised). The manner of operating the water
quality releases and the relationship of the releases with the gaging
stations and the industrial water users were presented in Paragraph
5, Page 8 of the "Justification" report included as Appenchx A to
the Wh1tmanv111e GDM.

30, Thermal Simulation Analysis. - Studies were made in an attempt
to predetermine the effect of Nookagee Lake Project on the quality
of stored and released waters., Analyses consisted of a determina-
tion of the daily temperature stratification in the lake during simulated
operation of the project for three historical study years: 1956
(average runoff year); 1964 (drought year); and 1969 (wet year).
Density current analyses were also performed using data resulting
from the thermal stratification analyses. The release temperature
objective used in these studies was the natural average stream tem-
perature variation for Phillips Brook. These analyses, which were
used to determine the number and spacing of water quality control
outlets, are reported in detail in Appendix E of this designh memo-
randum.
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31. Reaffirmation of Need and Value. - By letter dated 29
September 1971, the Office of the Chief of Engineers requested
that the Environmental Protection Agency reaffirm its previous
recommendation that flow augmentation be included in the North

' Nashua River Projects. The Environmental Protection Agency

had defined the need and had determined that the "attendant
benefits were W1de3pread” in its 1968 report and again in its

letter of 3 August 1971 (Exhibit C-3). EPA's interim reply to
OCE's latest request indicates that the need remains for flow - ‘
augmentation. The current evaluation being made by the Agency

' - is based upon a modified policy that is still in a development stage -
(Exhibit C-4). The tentative values of minimum stream flows ’
cited in the letter dated 13 October 1972 pertain to the Leominster
Gage reach of the North Nashua River and not the more critical
reach at Arden Mill. Base flow requirements at the Leominster
Gage appear to be reduced for the months of July and August but
increased for May, June, September, and October. . When the
agency completes its study, their recommendations will be reviewed
and adjustments will be made in the water quality control storage
as needed. Any adjustfnent in the storage required will be made

_ at the Nookagee site and not at Whitmanville Lake. . The Whitmanville
site is capable of providing flow augmentation only when the re-
creation pool is released after Labor Day and has a maximum
capability of ‘1, 400 a. f,

32, Support foi Water Quality Control. - The most ardent support
for the cleanup of the North Nashua and Nashua Rivers has emanated
from the Nashua River Watershed Association (NRWA).  With de~
dication and determination, this group (total membership 1970 -
357) has successfully obtained the cooperation and active support of
conservationists, local and state agencies and industry towards
obtaining their goal of turning the basin from an open sewer to a
viable public waterway and attractive recreational area. The three
prong objectives of this group include: terminating pollution, pro-
tecting the river and adjacent land from excessive development
(establish a greenbelt), and enhancmg recreatmn and conservat:l.on
aspects. '

In addition to the Environmental Protection Agency and the
Nashua River Watershed Association, expression of support for
improved water quality has been made by
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Senator Edward M. Kennedy
" Congressman Robert F. Drinan

Commonwealth of Massachusetts
Water Pollution Control Division _

New England River Basins .Cornmisr_sion-
Cities of Fitchburg.and Leominstef

Nashua River Reservoir Company
Montachusett Regional Planning Commission

33, Nashua River Model River Basin Demonstration Project. -
The New England Regional Commission, established by the 1965
Public Works and Economic Development Act, has sponsored a
Nashua River Model Basin Project. The project has the objective
of demonstrating to the rest of the nation that with proper planning,
coordination and reasonable financial backing, an open sewer
(North Nashua and Nashua Rivers) can be converted to a viable
public waterway. The project is being planned by the Program
Management Group which is chaired and staffed by the New England
River Basins Commission and includes representatives from the
Massachusetts Division of Water Pollution Control, the New Hamp-
shire Water Supply and Pollution Control Commission, the New
England Interstate Pollution Control Commission and EPA. The
New England Regional Commission allocated $1.25 million of its
FY 1971 budget and $1. 042 million of its FY 1972 budget to support
this project. An additional $0.865 million of the FY 1973 budget

is expected to go to the project. The Program Management Group
has indicated that even in their early stages of planning, they are
aware of the need of flow augmentation for water quality from
Noockagee and Whitmanville in order to reach their objective.

34. Progress in Abating‘-Pollution. - Highlights of progress made
by communities on the North Nashua River in combating pollution
include: .

a. Fitchburg. -~ Weyerhaeuser, Fitchburg, and Fitchburg
Paper signed contracts describing their financial agreement with
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each other to build the West Fitchburg treatment plant. This
agreement was approved by State and Federal water pollution
contrel agencies. Final plans for the plant were completed and
construction bids are being solicited, The plant will treat its
‘waste with activated carbon, producing a high quality effluent.
Final plans for the East Fitchburg plant have been completed

and submitted to the Division of Water Pollution Control for
approval and funding. The City of Fitchburg and its participating
industries expect to break ground late this fall and to have both
plants in operation in 1974. '

b. Leominster. - Construction has been gompl_etéd on
the rehabilitation of Leominster's old sewage treatment facility.
This plant is now operational and handles domestic waste plus
pretreated waste from Borden Chemical and Foster Grant Companies,

c. Westminster., - On 3 December 1971, the Town of West-
minster was placed on an abatement timetable by the Massachusetts
Water Resources Comm1ss1on; A preliminary engineering report
is due by December 1972, final plans are to be submitted by April
1973, construction is to be started by January 1974 a.nd to be com-

* pleted by January 1975

d. Remammg Coinmumt:.es Impresswe gams have also
been made by communities along the Nashua River mcluding Lan-
caster, Clmton, Groton, Pepperell Ayer and Nashua. :

24



K. GEOLOGY

35. General, - The dam site is located on Phillips Brook, which
flows through the central upland of Massachusetts, a region of
low to moderate relief underlain by crystalline rocks. Although
considerably modified by glaciation; the topography is fairly
subdued and regular. Long, broadcrested ridges rise in fairly
smooth but generally steep slopes above wide valléys which are
constricted locally by extensive glacial outwash and till. The till
forms a generally thin blanket on the hills and ridges and thick
deposits in the valleys. Overlying the till in the valleys are out-
wash features consisting of rough, irregular, knobby terraces along
the valley sides and flat plains in the valley bottoms. The bedrock
of the region consists of a series of closely folded Carboniferous
rocks, mainly schist and gneiss with large areas of granite and
pegmatite. The folds trend generally north-south.

36. Foundation Exploration., - Investigations of survey report
scope were initiated at the site in April 1963. Four borings were
completed and the results of the investigations were presented in _
the '"Water Resource Development Plan, North Nashua River Basin,
. Merrimack River, Massachusetts, Appendix E."” Detailed in-
vestigations for preparation of final designs were begun at the site -
in December 1970. Fifty-seven foundation test borings, including
one boring to obtain undisturbed samples for tests, have been com-
pleted to date under the current program. The location of all the
completed borings is shown on Plan of Foundation Explorations,
Plate 2-9. E '

37. Site Geology. - At the site, Phillips Brook flows in a shallow
channel which follows a rather winding course through the outwash
deposits in the valley bottom. The outwash, ranging in thickness
from 5 feet up to 20 feet, consists generally of silty, sandy gravel
and gravelly sand, and extends up both abutments thinning out y
against the underlying till surface on the higher slopes. 'In the valley
bottom the outwash is underlain by thick lake beds consisting of .
" stratified sands and silt which extend to depths of more than 60 feet.
Apparently randomly oriented sheets or lenses of till occur in the .
lake beds. Till occurs below the stratified lake sediments in the
valley bottom and lower parts of the abutments and extends to the
bedrock surface. The till is variable but consists generally of
gravelly, silty sands and silty gravels with numerous cobbles and
boulders, ' '
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Bedrock is exposed in extensive areas high on the left _
abutment and in bold cliffs both imnmediately downstream from -
the dam and extending high above the dam on the léft abutment
slope. Rock occurs at depths of less than 10 feet on the left
abutment and slopes steeply from the left abutiment toward the
valley bottom where it is buried to depths of more than 90 feet
under Route 12. On the right abutment, the bedrock is at depths
. of more than 40 feet., Relations between the various overburden
“materials and the bedrock are shown on Plates 2-10 and 2- 11,

Dam, Geolog1c Sections, and Spillway, Geologlc Section.

38. Bedrock Characteristics., - The spillway and large portions

of the discharge channel are located in the bedrock on the left abut- -

ment., The bedrock consists mainly of dark gray, fine to coarse-
grained granitic schiest. Although the rock is generally fresh,

weathering has occurred-along fairly closely-spaced foliation planes |

and joints in the upper 10 feet of rock below the rock surface.
Foliation dips generally at low angles except where it is obscure or
contorted in granitized zones. Horizontal jointing is common
throughout but joints at 30°, 45°, and 60° also occur at most’

localities. Seepage through the embankment foundation will be con= .

trolled by an impervious upstream blanket and grouting will only be
done at the spillway weir and where bedrock is shallow on the left
-abutment. : ‘
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1. OTHER SOLUTIONS CONSIDERED -

39. Flood Problem. - Alleviation of the flood problem could

be accomplished by either construction of flood control reservoirs

" alone; restrictive zoning measures with evacuation of the flood
plain; levees and improved channels for the protection of local
damage centers; channel diversion and relocations; or a com-
bination of reservoirs, local protection and restrictive flood plain
zoning. The alternative of constructing flood control reservoirs
alone or the plan to implement restrictive zoning measures in
combinations with evacuation of the flood plain were considered as
conceptual alternatives and were discarded since they were deemed
impractical. Alternatives such as major channel improvements
and channel diversion were found to be practical and were subjected
to careful examination and were compared to the authorized project.
The authorized project, in €ssence, consists of a combination of
reservoirs, local protection projects, and restrictive zoning,

-

a. Conceptual Alternatives -

‘ (1) Reservoirs Alone - Utilization of reservoirs alone
to provide flood protection for communities along the North Nashua
as well as the Nashua Rivers was determined to be impractical due
to prohibitive cost and the limited sites available for such reservoirs.
It was further deemed unnecessary to protect both basins end to
end since the lower end of the North Nashua Basin and the Nashua
- River Basin in general are relatively undeveloped and 'ideally suited
to protection by restrictive zoning. Flood protection was found to
be warranted in the highly developed areas of the cities of Fitchburg
and Leominster, which are located in the. upper end of the North
Nashua River Basin..

(2) Evacuation of the Flood Plain - The alternative of
restrictive zoning and evacuation of the flood plains was considered
impractical in the primary flood-prone areas of Fitchburg and _
Leominster. The developed flood plains in Fitchburg and Leominster
are extensive and comprises the ''core' of both cities as evident by
Plates 2-14, 15, and 16. The impact on the communities of evacua-
tion of such extensive areas would be catastrophic.

b, Practical Alternatives - Detailed studies were made in
1963 of the three alternatives which were considered the most _
practical. The projects studied included: major channel improvements,
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closed conduit diversion, and a tunnel diversion.

(1) Major Channel Improvements - Existing build- ‘

‘ings, bridges, and other structures along the upper North Nashua
River present serious limitations on construction of local pro-
tection type improvements against flooding of the magnitude of
the standard project flood. As an alternative plan of protection,

- a major channel improvement project was considered which would
extend for a distance of approximately eight miles from upstream
of Snows Mill Pond in the vicinity of Mill No. 8 of the Weyerhaeuser
Company, downstream to the Fitchburg Airport. It would neces-
sitate the taking of various buildings as well as the replacement of
23 of the 36 bridges existing within the limits of the protection plan.
Project costs would amount to $30, 700, 000 at 1972 price levels,

"Apart from the razing of bridges and buildings and overall dis-
ruption to the city, this project plan would provide no opportunity -
for development of other related water resources and would pro-
vide no protection to the city of Leominster, the Baker Brook Area,
or other downstream communities.

{2) Closed Conduit. - As an alternate solution, con-
sideration was given to inclosing the North Nashua River channel in
a dual conduit for a distance of about three miles through critical .
damage zones, with channel excavation and widening wherever .:
possible. This plan offered the valuable opportunity of utilizing the
top of the dual conduit for a roadway or other land use. The cost
of this plan was found to be inordinately expensive, estimated at
$57, 600, 000 (1972 price levels) and offered no opportunity for de-
velopment of other related water resources, or protection for '
Leominster, the Baker Brook Area, or other downstream com-
munities. '

(3) Channel Diversion. - Another alternate plan of pro-
tection provided for channel diversion in the form of by-pass
tunnel drilled through rock and extending for a distance of 7, 000
feet through the heavily built-up downtown section of the City of
Fitchburg. At other damage zones, flood walls and channel im-
provement would be utilized as a means of protection. Costs for
the plan of improvement were estimated at $38, 400, 000. Although.
not as disruptive as the alternates considered in Paragraph (1) and
(2), the plan would be inordinately expensive and would similarly
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offer no opportunity for development of other water resources.
or provide protection for Leominster, the Baker Brook Area,
and other downstream communities. : ‘ :

c. Authorized Project - The water resources develop-
ment plan authorized for thé North Nashua River incorporates
the combination of reservoirs, channel improvements and zoning
to accomplish its obJect1ve. With 2 minimum number of re- _
servoirs (4) and three channel improvement projects the industridl
heartland of both cities would obtain a high degree of protection.

For the non-developed and rural areas, the plan recom-
mended that encroachment lines downstream of the dams be es-
tablished. This Division has actively urged that flood plain zoning
be established not only for communities along the North Nashua
but particularly for communities on the Nashua River where the
prime undeveloped flood plain exists. The four dams and three
local protection projects, comprising the present plan for the
North Nashua River Basin, of which Nookagee Lake is one element,
would cost, according to a 1972 estimate, $30, 900, 000 and would
provide recreation and water quality control benefits in addition to
flood control. The alternatives to the flood problem have been re-
evaluated during preconstruction planning., The reevaluations
included an environmental assessment as well as an economic
assessment. The authorized plan for the water resource develop-
ment of the basin was confirmed to be the most beneficial,. economs~
ical and the least disruptive environmentally. ‘

40, Water Quality Problem. - The Federal Water Pollution Control
Administration in its 1968 study considered possible alternatives

to low flow augmentation. It included: (a) reaeration of the stream
and or effluents and (b) tertiary waste treatment., Other alternates
such as waste disposal underground and waste holding in lagoons .
for discharge during favorable flow conditions were considered im-
practical because of the large volumes of plant discharge and the

" inordinate size of facilities that would be required. The Weyerhaeuser
operation alone has a discharge rate of over 12 mgd. In addition,
flows in the river must be maintained to provide process water for
downstream locations also makes it impractical to collect all wastes
for long distance transmlssmn to treatment and d1scharge toa
larger watercourse, '
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The study concluded that the alternates could not pro-
vide benefits equivalent to low flow augmentation. - Low flow
augmentation in addition to maintaining desired BOD and dis-

~solved oxygen levels provides dilution for non-degradable
pollutants, better stream velocities to inhibit obnoxious aquatic
growth, higher water levels for improved aesthetic and re-
creation enjoyment, a stabilizing influence for all downstream

- reaches regardless of loading conditions which may not follow a
‘predictable pattern, and a smaller likelihood of being rendered.
obsolete by changmg needs and technology.’

M. DESCRIPTION OF PROPOSED STRUCTURES
AND IMPROVEMENTS

41, General, - A description of each of the principal elements 'oé
the proposed plan for the Nookagee Lake project is presented in
the following paragraphs. Studies:to develop design details for
each element are underway and will be presented in subsequent ,
Design Memoranda. :

42. Dam Embankment. - The project plan provides for the con-

. struction of a zoned rolled earth fill dam with upstream and down-
stream rock’ slope’ protection. A profile of the dam and tentative
embankment sections are shown on Plate Nos. 2-4 and 2-5. Major
factors influencing embankment design are the foundation conditions
and the availability and characteristics of embankment materials.
Suitable material from the required excavations will be utilized in
the rock protection layers and the random fill zones of the em-
bankment. The impervious fill zone will be constructed of ma~
terial obtained from borrow excavations in a glacial till deposit on
the right side of the valley downstream of the dam site. The outside
embankment slopes have been established tentatively on the basis
of embankment stability studies including shear tests.. -Seepage
through the embankment foundation will be controlled by an im-
pervious upstream blanket. Details of the embankment design will
be presented in Design Memorandum No. 8, Embankments and
Foundations.

43, SEillwaz. - The spillway will be an LAl Shape side channel
* type located in the left abutment. For details, see Plate Nos. 2-3
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and 2-8, The weir will be a concrete ogee section founded

on rock at the high point of the channel. The length of the weir
will be 215 feet at spillway crest elevation 835.0 feet, m.s.l.
The height of the concrete weir above the spillway approach
channel will be 5 feet, making the maximurn elevation of the -
approach channel 830.0 feet at the upstream face of the spillway"
weir. The excavated approach channel will slope down into the
reservoir for drainage. The spillway discharge channel, ex-
cavated in earth and rock, will be of the parallel type and will

be about 1, 360 feet long. It will slope from invert elevation 823.5
-at the weir.at a 9% grade for 150 feet then at 2 2% slope for a
distance of 100 feet and continuing at a 10% slope from this point -
for 680 feet at which point it will be sloped to drain.from elevation
740.0 feet m.s.l. for a distance of about 430 feet, where it will
enter Phillips Brook. |

44. Outlet Works, - The outlet works will be located near the
‘right abutment, under the dam, and will consist of an inlet channel,
an intake tower, a conduit on earth under the dam, an outlet
structure, and an outlet channel. Details of the outlet works are
shown on Plate Nos. 2-5, 2-6, and 2-7. ‘

a. Inlet Channel -~ A 600-foot long inlet channel with a .
uniform width will be excavated, with bottom elevation of 753.0"
feet, m.s.1. ' ' ' ;

b. Intake Tower and Operating House - The intake tower will"
house the flood control and water quality control outlet works. It will be
a dry well type structure about 120 feet in height and will be located
about 220 feet upstream from the centerline of the dam. A service '
bridge will provide access from the top of dam. Plan and profile
views of the intake tower are shown on Plate Nos. 2-3 and 2-5.

The intake structure at the base of the tower will have an
invert elevation of 753. 0 feet m. s.l. and will consist of a 10-foot
high by 8-foot wide trash bar structure, a rectangular entrance
conduit 3 feet wide by 4 feet high with a vertical slide service gate
and an emergency slide gate of the same dimensions. A vent pipe
will be installed within the tower to satisfy the air demand at the
service gate when operating at partial openings. Provisions will be
included on the upstream face of the tower to permit lowering a
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steel bulkhead fc.r repair of the cond\ut or emergem‘,y slide
gate.

The water quality control outlet works will consist of
three 2'-6" x 3! inlets, controlled by 30-inch knife gates, dis-
charging into a 48-inch diameter standpipe. Externally mounted
slide gates will be provided at each intake for emergency closure.
' The vertical standpipe will discharge into a branch conduit at.a =
~ point upstream from a 3' x 4' slide gate. The branch conduit, in
turn, will d1scharge into the flood control conduit. A vent pipe
will be provided for this gate. The centerline elevations of water
' quality control inlets will-be 805, 793, and 781 feet m.s.l.

The intake tower will contain three floors: {1) the heater

room floor (elevation 834.5), (2) operating floor (elevation 847.0),
and (3) the equ:pment room floor (elevation 862.0). The tower will
~house the high pressure oil hydraulic system for operatmn of the
gates, a continuous waterstage recorder, an electrical switch-
board, an emergency diesel engine generator, a high-lift crane,

a forced warm air heating system, oil pump, motor standby unit,
and an elevator. The gate chamber at elevation 761.5 will contain
“two individual hydraulically operated service slide gates and one -
emergency slide gate, and a sump pump located in a well. An.
elevator will be provided for travel from the operatmg floor to-
elevation 761.5. Electric power will normally be obtained from
commercial sources.

An elevator is bemg prov1ded because of the helght of tower
and the need for frequent inspection, servicing, and operation of
. the gates, valve, and pumps. Provisions will be made for elevator
stops at the water quahty control mlets

¢. Conduit and Transition. - The 3' x 4" conduit from the .
48-inch diameter water quality standpipe, will join:the straight
through 3' x 4' flood control conduit at a point approximately 30 feet
downstream from the service gate, At this point the height of the
conduit will be uniformly increased to 5 feet in a length of 13 feet.
The water quality conduit will converge with the straight conduit at
the rate of 1-foot in 3 feet. The reinforced concrete conduit will be
founded on earth under the dam and will have a total length of ap= -

proximately 420 feet. .It will slope at about 1.19-percent from the
end of the transition to the outlet at elevation 748. 0 feet, m. s.1.
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d., Outlet Channel. - The outlet channel, excavated in’
earth will be 12 feet wide and runs 720 feet to its terminus at
Phillips Brook. The initial 60-foot segment of the channel con-
tains a concrete stilling basin with an invert transition from
elevation 748. 0 to 744.0 feet, m. s.1. |

45, Reservoir Clearing and Stripping. - Releases for water
quality control will expose a considerable amount of impoundment
bottom. This exposure of pool bottoms is considered an un-
desirable environmental effect since it would be more desirable

if the pools could be maintained at a stable level. For an average
year, approximately 90 acres will be exposed and for 1 in 10 dry
years, the exposure is expected to be as much as 140 acres out of
a total water surface area of 190 acres, Understandably the
thought that the project will introduce extensive mud flats into the
basin is of concern to conservationists and the State, The Governaor,
in his letter dated 23 July 1971 (Exhibit C-6) expressed his concern
and recommended that adequate measures be taken to alleviate the
condition. The U. S. Fish and Wildlife Service report contained
the recommendation that the area between elevations 802 and 816
be stripped of all organic material down to mineral soil. The
Service's recommendation was based upon the desire to eliminate
mud flats, to provide more desirable spawning areas for fish and
to provide an aesthetically pleasing area. However, the report by
the Service recommended that approximately 45 acres of shallow
impoundment bottom be left undisturbed so as to provide 'fair' to
“good" quality habitat for waterfowl nesting, nature study, and
bird-watching. '

In light of the above reasons, the present design includes
grubbing and stripping the reservoir from the stream bed to _
elevation 817 (l1-foot above the permanent pool). Clearing of the
reservoir will extend to elevation 818 (2 feet above the permanent
pool). Approximately 45 acres in the upper end of the reservoir
will be left undisturbed as recommended. The Service has been
requested to furnish a more clearly defined area where wildlife
habitat should remain. Stripping of the reservoir is primarily for
environmental reasons and encompasses approximately 150 acres
at an added cost of approximately $0.5 million.

46. Access. - Access to the top of dam will be by an extension of
the top of dam roadway to the spur road running between Bean
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_ Porridge Hill Road and the truncated end of Ashburnham Street.

 47. Administrative Facilities and Utilities. - A combined
utility building and garage, 32 feet by 75 feet, will be constructed
downstream of the dam along the spur road, see Plate No. 2-3.
The building will include office, toilets, heater room, workshop
and garage facilities. Telephone and electric service to the ad-.
ministrative facilities and dam will be from Ashburnham Street .'
to the spur road then along the top of da.m. '

48. Housing Facilitie S.

a. Minimum Facilities - The minimum housing facilities -
considered necessary for this installation consist of living quarters
for the operator such that he can regulate the gates during flood
emergencies on a timely basis and also to minimize vandalism of
Government property. The cost of the operator's residence, in-
c¢luding engineering, design, supervision, administration, and
utilities within the lot line is estimated to be $29, 000.

b. Rental Housing Survey. - In accordance with ER 415-2-
301, dated 1 February 1972, "Construction Policies and Practices',
a survey and study was conducted covering an area of about 3- 1/2
miles in radius of the damsite for the Nooka.gee Lake Pro;ect. The
study has revealed that there is an acute shortage of rental and
‘apartment units in the Westminster-Ashburnham area'and a great -
number of units are needed to satisfy the space. requirements for a
broad socio-economic range. There is a particular lack of rental
units that would be in keeping with those units normally supplied for .
an operator's quarters, therefore, it is recommended that provisions
be made: for the construction of 2 new dwelling. - The existing dwellings
to be acqu1red within the project are of the older inferior type and
others which do not lend themselves to feasible renovat;.on or re~
location.

49. Overlook Area. - It is proposed to construct a visitor's over-
look area high on the left abutment. A roadway, parking area, and -
picnic tables are planned° Access will be from the Relocated Route

12.
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N, INSTRUMENTATION OF DAM

. 50, Instrumentatmn. - No instrumentation is planned for the

dam embankment, Data from the consolidation test and ex-
perience with similar embankment materials indicate that con-
struction pore pressures will be insignificant. The character

of the embankment materials is such that significant horizontal

or vertical movements are not anticipated. Instrumentation for :
observation and recording of seismic events will be cons1dered

at a later date, :

' 0. PROJECT REFORMULATION AND EVALUATION

51. Project Reformulation., - During the review of the 1965
Survey Report of the North Nashua River Basin, the Department

of Health, Education, and Welfare, pointed out the need for pro-
viding in these projects storage for water quality to supplement

the waste treatment program. HEW stated that their studies
"indicated that presently available treatment methods cannot alone
control the polluted condition of the stream" (North Nashua River)
and ''even partial provisions for stream flow regulation would
result in substantial quality improvement with attendant benefits
within the study area.! In response, the Chief of Engineers
assured HEW that 'prior to initiation of construction, studies will
be made concerning the need for storage for water quality . control'',

In September 1969, the local interests, through the Mayor
of the City of Fitchburg, Massachusetts, withdrew their support
for the water supply aspects of both the Nookagee and Whitmanville -
Lake projects. As a result of the withdrawal of support for the
water supply aspects and the requirement to determine the need for
storage for water quality control, this office initiated a restudy of
the purposes for both the Nookagee and Whitmanville projects,

Since the issuance of the 1965 Survey Report of the North -
Nashua River Basin, the Water Quality Office of the Environmental
Protection Agency has set up minimum flow requirements for water
quality control in the North Nashua River. With the targets set by
the WQO, letter dated 31 October 1969, the New England Division
determined the storage and releases necessary to meet these re-
quirements. The study revealed that impoundment of 3, 800 acre-
feet would provide the water needed for flow augmentation for water
quality with 95% dependability, : :
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In the reformulation of the projects it was noted that
the Whitmanville site offered little flexibility due to restrictions.
One restriction, the regional high school, was built at an
elevation which would not permit, economically, raising the
dam. Accordingly, Noockagee had to provide the bulk of the
storage for water quality control. Six plans were derived,
studied and assessed. During the period of assessment, it

- became evident that the' magnitude of drawdowns at the Nockagee’

site would limit the extent of recreational development at that
site. Releases from the reservon‘ for water quality control would
come at the time when the recreational demands would be the
greatest and based upon past experience, drawdowns greater than -
5 feet are considered excessive and detrimental to recreation by
‘exposing large unsightly areas along the shoreline, Studies re-
vealed that the drawdowns at Nookagee could be as much as 15 feet.
The drawdown analysis terminated with the conclusion that the
most favorable site for major recreation development would be at
Whitmanville, Stab111ty of the recreation pool at Whitmanville
would be subject to demands for water quality releases as well as
releases for industrial water equivalent in amount to storage in the
existing privately-owned Westminster Reservoir. However, to
stabilize the recreation pool at Whitmanville, it was concluded that
all water quality releases during the recreation season would be
made from Nookagee. ~After Labor. Day the releases from Nooka.gee
would be stopped and the water quality demands would be met by -
Whitmanville. Fluctuation of the recreation pool stemmmg from

' the demands of the industrial water users would be eliminated by
' the operation of a two pool system.

Two pools would be created by utilizing the existing West-
mingter Dam presently located 3/4-miles upstream of the new
‘Whitmanville Dam. It is envisioned that the pool behind the existing
dam would become the recreation pool and the storage between the

- new and existing dams would be used basically to meet the demands

of the industrial water users. Present plans envzsmn_ operatmg the
two pool system by: ' : ' e

Sat:l.sfymg the 1n1t1a1 demands for industrial water by a

: drawdown of 1,5 feet from both pools (1. e,, drawdown from El

826.6.to El, 825, 1).

b. Meet supplementary demands for industrial water w1th
the storage between the two dams,
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The analysis concluded that the most efficient and least
disruptive (environmentally) means to implement development
. of the water resource plan, as previously authorized by Con--
. gress, was by construction of a multi-purpose dam and lake
at Whitmanville and a dual-purpose project at Nookagee.

The following summarizes the re\‘ri‘sed plan:

- Whitmanville Lake. -~ Total storage capacity of 7,850 acre-

feet, equivalent to 8. 4-inches of runoff. The total storage has
allocations of: 1,150 acre-feet (1.2-inches) to replace existing
water supply at Westminster Reservoir which will be inundated

by the dam; 5, 300 acre-feet {5, 7~inches) for flood control; and
1,400 acre-feet (1. 5-inches) seasonal joint-use for flood control,
recreation, and water guality. Operationally the full flood control
storage of 6, 700 acre-feet will be available from November
through March. Toward the end of the spring runoff in April,

a recreation pool would be éstablished by retaining 1,400 acre-feet
within the flood control zone. This seasonal pool would be re-
tained until the close of the recreation season in September. At
that time the pool would be lowered to provide full flood control
- storage. Releases from the seasonal pool would be utilized to meet
the water quality demands for September and October. - '

Nookagee Lake, - Total storage capacity of 8,400 acre-
feet equivalent to 14, 6-inches of runocff; The total storage includes
allocations of: 700 acre-feet {1.2-inches) for conservation storage
and also to serve as a minimum winter pool; 3, 000 acre-feet (5.2-
. inches) for water quality control; and 4,700 acre-feet (8. 2- mches)

for year round flood control ‘

A schematic diagram of the reservoir system is shown by
F1gure 2.

As a result of the reformulation, the Division Engmeer re-
commended that the assurances to be furnished by the non-Federal
‘interests be modified for the Whitmanville and Nookagee projects
such that responsible non-Federal interests are required to give
agsurances satisfacotry‘ to the Secretary of the Army that they'will:

a. In accordance wﬂ:h the Federal Water Project Recreatxon
Act of 1965: ‘
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_ (1) Administer project land and water areas for"
recreation and fish and wildlife enhancement;

"(2) Pay, contribute in kind, or repay (wh:.ch may be -
through user fees) with interest, one-half of the separable first
costs of the reservoir projects allocated to recreation and fish
and wildlife enhancement, the amount involved being currently
estimated as follows:

_Re servoir _ Amount
Whitmanville . $175, 000

(3} Bear all costs of operation, maintenance, and .
replacement of recreation and fish and wildlife lands and facilities,
the amounts involved being currently estimated on an average
annual basis as follow5° ' :

Reservoir ‘ : Amount
Whitmanville $ 18,000

Provided that the sizing and responsibility for development, op-
eration, maintenance, and replacement of the recreation and fish

and wildlife enhancement features of the reservoirs may be modified
in accordance with the alternative provided in the proposed Federal

' Water Project Recreation Act cited above, depending upon the
intentions of local interests regarding participation in the costs of
these features at the time of resexrvoir construction and subsequent
thereto, and that appropriate adjustments reflecting such modifica-
tions may be made in the allocation of costs to other project purposes;

b. Protect channels downsti'ea.m‘b_f the reservoirs from
encroachments which would adversely affect operation of the system;

c. Hold and save the United States free from all damages
due to water-rights claims resulting from construction and operation
of the reservo1rs,

d. Exercise to the full extent of their legal capability, con-
trol, against removal of water in the basin which will affect the
reservoirs' water quality storage and the development of dependable -
stream regulations; and '
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e. Exercise, to the full extent of their legal capability,
control against removal of stream flow made available by re-
servoir storage for water quahty.,

' The proposed changes in the projects were submitted on
12 February 1971 to the Office of the Chief of Engineers for
review and approval as a report entitled, '"Whitmanville Dam
and Lake, Whitman River - Nookagee Dam and Lake, Phillips
Brook, North Nashua River Basin, Justification for Altering
Project Purposes.'" The report was approved as a basis for

 further planning by the Office of the Chief of Engineers on

28 May 1971, (See Appendix A of the Whitmanville GDM for con-

tents of the report and letter of zpproval). Comments by OCE

have been in'co rporated in this design memorandum.

The approved alteratmns thereby make ‘the progects‘
purposes as: : :

Whitmanville
~ Flood Control
" Recreation
Industrial water supply (repla.cement
of existing)
Water Quahty Control
Nookagee

- Flood Control
Water Quality Control
Recreation (limited) -

a. Flood Control. - The primary interest for improvement
in the basin is to reduce the destructive flood damages in the urban
areas of Fitchburg and Leominster, Massachusetts. A study was
made of the effect of varying the amount of flood control storage in
the Nookagee Lake reservoir and considered 2, 4, 6, 8, 10, and’
12-inches of runoff. Costs, benefits, and excess of beneﬁts were
derived for all six plans. The results of the mvest1gat1on are shown
graphically in Flgure 3 which shows a curve of excess annual
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benefits for various runoff storages. The curve indicates that

the point of maximization of net benefits would be achieved with

8. 5-inches of flood control storage, Studies show that 8-inches
plus of flood control storage is needed to effectively control .
the floods of record and the standard project flood. " This amount
was selected in order to provide a high degree of protection in .

" thé highly developed and densely populated urban areas of Fitchburg
and Leominster, The actual flood protection provided will be

8. 2-inches on a year- -round basis and for all practical purposes

is eqmvalent to the 8. 5-inches of storage maximized.

b. Water Quality Control. - Studies made indicate that
‘downstream water quality could be enhanced by making provisions.
in the project for low flow releases. The Water Quality Office,
formerly the Federal Water Pollution Control Administration, in-
dicated that presently available treatment methods alone cannot
control the polluted condition of the stream and even partial pro-
visions for stream flow regulation would result in substantial im-
. provement with atteridant benefits within the basin. Using base
flows at four contiguous reaches on the North Nashua River in
the F1tchburg Leommster area, the additional fresh water re-
quired to maintain the total flow in the river above acceptable.
dissolved oxygen levels was determined at the Leominster USGS
gage and at Arden Mill Dam (See Plate 2-1). At Leominster, the
. maximum augmentation required for any one year was determined
“'to be 2,400 acre-feet, whereas for Arden Mills the augmentation
was found to be more critical with a requirement of 3,800 acre-
feet. The storage of 3, 800 acre-feet (3, 000 at Nookagee and 800
"at Whitmanville} will be adequate to meet the water quality con-

" trol requirements established at Arden Mill Dam with.a 95% -

dependability. For extremely severe drought conditions such as

the critical 1964-66 period (considered as 1 in 100 dry years) the

. storage would be suff:ucmnt for all but 1 month of water quahty de-
mands.

53. Summary. - Based upon the unw:mll:.ngness of the Commonwealth
of Massachusetts to financially participate in the recrea.tmnal
aspect; and the Water Quality Office's requirements. for minimum .
flows for water quality; the only variable in the Nookagee Lake
project was considered to be the flood control storage. The
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variation of 2, 4, 6, 8, 10, and 12-inches of storage was .
studied and as previously explained, 8. 2-inches, or 4, 700
acre-feet of flood control storage is desired to provide the
necessary degree of protection for the downstream urban
communities. The project is therefore, recommended for
construction containing a total of 8,400 acre-~feet of storage
consisting of: 3,000 acre-feet for water quality control,

4, 700 acre-feet for flood control and 700 acre-feet for con- .
servation.

P. CORROSION MITIGATION

54, Corrosion Severity. - The sites for the appurtenant struc-
tures of the dam are located at a point on the Phillips Brook
which is free from industrial or municipal pollutants thereby the
quality of the existing water is generally excellent (Class B).
Water quality data collected at the site indicated that the water

is basically neutral as noted in Table 10 of Design Memorandum
No. 1, Hydrology (Revised). Sampling has indicated that during
-certain months of the year traces of chlorides (road salts) do
appear. The bedrock on which the structure will be located or
the soil to be placed against the structures show no sign of being
highly corrosive. Consequently, normal corrosive resisting
materials will be selected for the structures and the normal
-amount of concrete protection will be afforded the reinforcing steel.

Q. ACCESS ROADS

55. General, - The alignment of the haul road from the borrow
area to the damsite will be specified on the contract drawings. A
tentative alignment of the haul road, .is shown on Plate 2-17. - Al-
ternate alignments will be evaluated during final design of the pro-
ject. Consideration will be given to the use of part of the haul
road for access to the lake. Clearing for the road will be kept to
a minimum and will be specified. Where the segment of haul road
is found suitable as an access road for recreation, the road will be
constructed as a permanent road according to contract plans. Where
not used as a permanent access, the haul road will be removed
topso1led and seeded and left as a trail,
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R. CONSTRUCTION MATERIALS

56, General. - The embankment section for the rolled earth-

© fill dam will be of the zoned type with impervious and random
fill zones, drainage features and upstream and downstream rock
slope protection. An impervious upstream blanket will be pro-

. vided to assist in control of seepage through the. embankment
foundation.

57. Impervious Material. - A source of material suitable for

use in the impervious sections of the embankment and the im-
pervious upstream blanket is located on the west side of the valley
between Bean Porridge Hill-Road and Route 12 approximately ., 75
miles downstream from the dam. - The borrow area includes an
extensive and thick deposit of glacial till consisting generally of

- gravelly, silty sand with numerous cobbles and boulders. )

58. Random Material. - Materials from required excavation will
consist of outwash materials, lake sediments and till which may

be modified within wide limits. All these materials will be utilized
in the random fill portion of the embankment.

59. Embankment Drainage Materials, Gravel Beddmg and Road
Gravel. - Extensive depos1ts of sands and gravels occur in the
region within 10 miles of the site and commercial operations are
active in several of these deposits. It is currently planned that
drainage materials, gravel bedding and road gravel will be furnished
by the contractor from offasite sources. : '

60. Rock Slope Protection and Riprap. - Rock from required ex-
cavations will be available for rock slope protectmn and riprap.

- The rock consists mainly of granitic schist with scattered zones and
‘stringers of granite. The rock is closely jointed and has well-
developed foliation so that at least in the shallow zones of the ex-~
cavations, blasting will produce some small rock sizes and con-

' siderable fines. Fines will also result from breakdown of schistose
phases of the rock and from weathered seams and mud-filled joints.
It is expected that overall bulking of the rock will be largely offset
by losses in blasting and handling. - If additional rock is required,
it can be obtained by quarrying on the uphill side of the spillway -
approach channel. '
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61, Concrete Agpgrepates, - In view of the small quantity of
concrete, requlred, investigations of sources of aggregate.
materials has been limited to consideration of commercial
sources within a 25 mile haul distance of the site. Complete
‘data on concrete aggregate investigations is presented in Design

- Memorandum No. 6, Concrete Materials. _

S. PUBLIC USE

62. Site Description. - The location of the Nookagee Lake pro-.
ject with respect to public use is most fortunate, since it is in

a typical New England rural setting characterized by rolling-hilis__,
woods, flowing water and sparse population. The area is readily.
accessible to more than 840, 000 Massackusetts residents and

140, 000 New Hampshire residents who live within 40 miles of the
lake. The heavily populated cities of Fitchburg, Leominster, and.
Gardner, Massachusetts are close to the project site.

The availability of the project lands and water for public
use will be a significant asset to the surrounding area, It is im-
- portant, therefore, that public use development be carefully planned
and executed, not only to prbvide recreational facilities for public .
use, but more importantly; to protect and preserve the natural
amenities on the site. . Besides the scenic assets of the area, other
assets include a f1shery, woodland for hiking and allied sports,
and a population of small game and birds. No assets of historical
or archeological importance have yet been found, but research in
that respect will continue in cooperation with local individuals and
groups.

63. Planning Concept. - Since non- -Federal agencies have decided
. not to participate, recreational development will be limited to that
defined in Regulation ER 1120-2-2400, Paragraph 6b (2) which
states, with relation to planhing: :

'""(2) The other level (of planning) anticipates the lack of
non-Federal participation and formulates a plan with minimum
- facilities for public health and safety, consisting of guardrails and
turnarounds on. existing road 'ends and minimurn sanitary facilities,
but includes the acquisition of sufficient lands to support full developm
ment to preserve the potentials created by the project. "
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In keepmg with the above regulation, recreational de-
velopment will be limited to use of the old pavements for boat
launching after Fred Smith, Bean Porridge Hill and Dean Hill
Roads are truncated. Fred Smith Road will be the major access
point to the lake ‘since’it provides more suitable road grades,
more open land and access to the lake at all pool stages.
Facilities for the Fred Smith Road access will include minimum-
sanitary facilities, a turnaround and informal parking on grass
and vacated residential er.ves_ Bean Porridge Hill and Dean
Hill roads provide less favorable conditions and their useage will

‘not be emphasized. Facilities at the latter sites will consist of
lumted mformal parking and turnarounds.

Public access to the reach of Phillips Brook below the
damsite is comtemplated along the lines recommended by the U.S.
Fish and Wildlife Service except that the extent of access appears
practical for 1-1/2 miles rather than the 2 miles recommended.
The 1-1/2 mile segment of Phillips Brook below the damsite will
approximately mitigate the loss of the 1-3/4 miles of stream
fishing inundated by the project pool. A field reconnaissance of
the reach indicates that access is feasible and desirable. Public
. access will be obtained by easements wherever possible and ac-
quisitions will be made only if an easement cannot ‘be obtained and
where it is deemed essential, The extent of access will be ap-
proximately 100 feet wide and equivalent to 16 acres.

T. ENVIRONMENTAL QUALITY

64, Architectural and Engineering Treatment. - Aesthetic criteria
for the architectural design of structures and facilities required
for this project will insure a harmonious relationship with the
sparsely settled rural environment. Private residences and smau
farms constitute the principal existing ha.b1tat1ons in the vicinity.
There is no anticipation on the part of local authorities that the
character of the environment will be urbanized in the near future.

. The predominant structure of this project is an earthfill
dam approximately 105 feet in height. Principal ancillary structures

~are: concrete intake tower with connecting steel and concrete.

serv1ce br1dge, spﬂlway, and outlet works. Because of the scale
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of these latter features in relation to the distance from which
observed, the overall design consideration will be to provide -
simple mass relationships which are commensurate with the
functional uses of each. Concrete will have a Class B finish.
Other exterior materials, except ferrous metal, will have
natural colors, - Ferrous metal will be painted.

The operator's quarters will be a cottage comparable
in design with the residences in the area. The cottage will be
located adjacent to the spur road south of the dam. Nearby
will be a utility building for maintenance activities of the pro-
ject. The building will be a simple wood framed structure with
exterior finish similar to the operator's quarters. Trée and
- shrub planting will be utilized to screen the utilitarian activities

from the public view. ' '

Facilities required for recreational use will be minimal.
Extended visits to the project by the public will not be encouraged
and no permanent provision will be made for toilets or similar
accomodations for visitors. The nearby Whitmanville Lake pro-
ject is planned to encourage extensive public use and wiil pro-
vide suitable facilities for visitors. Public sanitary facilities
for the Nookagee site will be of the chem1ca1 type, portable and
provided on a seasonal basis.

65. Landscape Architectural Treatment. - Since landscape ar-
chitecture is the science and art of correctly using land and water
for human use and enjoyment, and since the purposes of Nookagee
Lake are for human use (flood control and water quality) and
human enjoyment (recreation and visual amenities), it follows that
landscape architecture will be an important element of design effort,
The principles of landscape architecture will be apphed durmg
project design to insure:

a., Acquisition of land area sufficient for all project needs
including those needs related to visual and aesthetic values,

b, Inclusion in final design of complete sife' plans for the

entire project area, showing not only features to be constructed,
but also temporary facilities necessary for construction operations.
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c. Inclusion of plans for protection and preservation
of existing natural assets including vegetation and land forms.

d. Inclusion of plans for use of plant material as needed
for landscape planting purposes such as the softening of ar-
chitectural lines, tying the new work together and to the surround-
ing landscape, providing visual amenities, screening and for
shade. If necessary, a reforestation plan will be developed.’

‘Development features will be designed to blend with
existing site characteristics, so that structures, walks, trails,
parking area, and other elements are compatible wa.th the natural
environment.

66. Environmental Impact. - A detailed study of the impact of

the project on the environment was pursued as required and has
been documented in the environmental statement, and has been
submitted separately from this memorandum. The study evaluated
impacts on the terrestrial and acquatic life forms, analyzed any
unique or unusual natural sites found in the area of proposed im-
poundment, thoroughly considered visual and aesthetic impacts

and evaluated the influence of the project on the area. To assist
in the environmmental impacts study, a consulting firm having

the necessary capabilities was engaged.

U, REAL ESTATE REQUIREMENTS

67. Description. - In accordance with ER 405-2-150, dated

11 February 1966, as amended, and with clarifying guidelines set
out in teletype ENGCW-OC, R131945Z, dated July 1971, Subject:
"Real Estate Acquisition"”, and teletype ENGCW-OC, R1314452Z,
dated September 1971, same subject, it is proposed to establish
‘a minimum guide taking line 300 feet horizontally from the con-
servation pool, elevation 816 feet above m.s.l. and/or the "Guide
Taking Line'', elevation 840 feet above m. s,l. whichever is the
greater., It is proposed to acquire in fee, all lands within the
Guide Taking Line. The reservoir area will extend from the pro-
- posed damsite in the northwesterly direction along Philhps Brook.
in the Town of Westminster to a point about 500 feet south of the
intersection of Route 12 and Jewel Hill Road in the southeasterly
section of Ashburnham, The estimated project area is 620 acres,
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including the areas of the damsite, borrow area access road,

and construction area. Providing access to the 1-1/2 mile

- reach of stream below the dam will 1nv01ve an additional 16
acres of land. :

A spur road between Ashburnham Street and Bean
Porridge Hill Road will be required. It will be constructed from
a point on Route 12, about 1, 600 feet south of the centerline of
the dam, and will extend in a northerly direction beyond the
westerly side of the abutment of the dam, connecting with Bean
Porridge Hill Road. It will further service local traffic in the
area. '

The reservoir will be in a valley contained by gradual to
steeply sloping wooded hillsides. At spiliway crest, elevation
835 feet, m.s.1l., it will be about 1.5 miles long.

The area on the easterly side of the valley is essentially
underdeveloped, gradually sloping, lightly wooded, and open
agricultural land., This area is sparsely developed, containing
single family homes, potentially developable residential lands,
and a few small marginal operated farms., '

The area on the westerly side of the' valley along existing
" Route 12 is for the most part a heav:.ly wooded area, but includes
some agricultural land

_ There are 26 improved properties located within the pro-
ject area, Located within the damsite and work area are two
improved properties. One is an average size Cape-styled dwelling,
and one capped-over residential foundation. Continuing upstream
there is a poultry farm situated at the corner of Route 12 and

Bean Porridge Hill Road, and two residential units.

Diagonally across Bean Porridge Hill Road, forming an
intersection with Route 12 is Fred Srnith Road, The properties to
be acquired along this road are a poultry farm, two residential
units, and a small industrial building.

Just north of the junction of Route 12 and Fred Smith Road
is a large dairy farm which is the most valuable property in the
project area, It consists of a two-story farmhouse, a large barn,
silo, small barn, and several outbuildings.
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Upstream from the farm is a small group of szngle
fam11y residential properties, which extend up to the vicinity
-of Dean Hill Road. From this area along Route 12 to the
project's upper reaches are a group of small dwellings and
seasonal type structures which have been converted into year-
round residences, a small industrial plant, and a road51de
restaurant. - The remaining improved properties in the project
~area are situated on Dean Hill Road, and are in the: newer con-
struction category. Property values in this general area are
slowly rising as evidenced by the number of new homes being
constructed along paved roadways. For the most part, home-
sites are in demand which have choice road frontages, attrac-
tively located, and require a minimum amount of site pre-
paration, This trend is expected to continue in a slow pace in
the foreseeable future,

The 1. 5 mile reach of stream below the dam is boarded
by relatively undeveloped land containing four homes. The extent
of access will be approximately 100 feet wide, including the brook,
with the land varying between 20 to 40 feet each side of the stream
. banks. Present plans do not include taking easements or land from
any of the four existing improved properties. The access strip,
including the brook is equivalent to 16 acres at a total cost to the
Government, including contingencies, etc., of $35, 000 (bas‘ed
upon acquisition by fee).- Wherever feasible, easements will be
obtained in .preference to acquisition. The extent of the easements
. and acquisition will be defined in DM No. 5, Real Estate, to be
submitted at a later date, . '

68. Utilities. ~ Electric power and telephone systems are avail~
able to all properties within the proposed projectarea, Sanitary
sewer facilities are prov1ded by individual owners through the use
of septic tanks or cesspool systems. Water is provided by md1v1d-'
ual owners by wells to all properties situated within the pro_]ect
“area.

69. Zoning. - The Town of Westminster, presently, has no
zoning regulations. All of the land situated in Ashburnham, that

is within the prOJect area, is located in an Agricultural-Residential
District. :

Area requirements within an Agricultural-Residential zone
jnclude a minimum of a 25, 000 square foot lot having a 100-foot
road frontage, - There are no requirements specified for Commercial .
or Industrial zones.
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70. Highest and Best Use. - The highest and best uses of the
land within the project area are considered to be the present
uses or as available for development.

" 71. Mineral Deposits. - Field inspeéhbns disclose no evidence
of commercial mining of gravel nor the deposzts of any mmerals
within the project area.

72. Crogs, - The agricultural land in the project is devoted to

the growth of hay, and pasture for cattle grazing. It is anticipated
that there will be ample time to harvest these crops, and no special
damages are estimated. : :

73, Timber. - A large portion of the land located within the project
area is classified as wooded, and there are a few small stands of
merchantable species. However, the quality and quantity are con-
sidered inadequate to require inclusion of any special allowance

for merchantable timber. The value of the timber within the pro-
posed reservoir area is reﬂected in the land values. '

74, Water Rights. - An investigation of water rights to Phillips
Brook revealed that there were no known special privileges other -
than riparian rights. The Commonwealth of Massachusetts allows
riparian owners to make reasonable use of the water of a stream
in connection with their riparian estate and for lawful purposes
provided they leave the current diminished by no more than 19
reasonable.

75. Borrow Requirements. - About 42 acres of land will be re-
quired for impervious borrow. The 42 acres provide an area for
a haul road to the damsite. The proposed borrow area is located
about 3/4 mile south of the damsite on the easterly side of Bean
Porridge Hill Road and the northerly side of Potato Hill Road.

A set back of about 300 feet from both roads is proposed as a
green belt area, as the owner who has recently puchased this
site is in the process of developing the frontages with mediwn
valued single family dwellings. Two are currently under con-
struction,. The set back of 300 feet will not interfere with the
owner's present construction efforts, I is currently proposed
to acquire this area in fee. S ‘
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76. Relocations. - It is proposed to relocate a section of Route 12
which will require abandonment. It is proposed to relocate Route 12 -
along a2 new alignment commencing at a point approximately one-half
mile south of Potato Hill Road, and will generally parallel the east-
.erly boundary of the project and terminate at about 600 feet northerly
of the Westminster Town Line. The alignment will cross Fred Smith
and Dean Hill Roads, and will also traverse both wooded and cleared
‘pasture land About 38 acres will be required, including one resi-
dential unit. It is assumed that the teleéphone and electric power
systems located along the existing Route 12 will be relocated with-

in the relocated Route 12 right-of-way, and therefore, no lands are
included in this report for this purpose. '

77. Municipally~-Owned Facilities, - Section III of the Act of
Congress, approved 3 July 1958 (Public Law 85-500), authorizes
the protection, alteration, reconstruction, relocation, or replace-~
ment of municipally-owned facilities. There are no structures or
facilities located in the prOJect area that fall w1thm the purview

of this Act.

78. Tax Loss., - The estimated loss for the taxes of Westminster
and Ashburnham are based on current assessments and tax rates
obtained from the town officials. Where partial takings will occur,
‘the tax loss estimates are estimated on the average assessed values
of the lands, Followmg is a summary of estimated tax loss_es applied
_to each town: - : - ‘

Westminster " $14, 000

Ashburnham : 1, 000

Total Estirné,ted Tax Losses $15, 000

' 79. Acquisition Costs. - Experience of this office in acquiring
similar properties in other civil works projects in the area in-
dicates that acquisition costs will average approximately $2, 000
per tract.. These costs include mapping, surveys, and legal
descriptions, title evidence, appraisals, negotiations, ‘closing,
and administrative costs for condemnation., The number of _
ownerships within the Town of Westminster were computed from
the local assessor's maps, and therefore, are considered’ reasqn-
ably accurate, There are no property maps nor assessor's maps
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available in Ashburnham. The number of tracts affected by the
project in this town were estimated by counting the number of
improvements, and also through discussions with local officials.
Based on this preliminary survey, the number of ownersh1ps ‘
and acquisition costs are estimated as follows:

44 Ownerships @ $2,000 =  $88,000

80. Reservoir Boundary Surveys and Markings. - Plans for
surveying and marking project boundaries are required in all
reservoir projects in accordance with existing regulations. The
estimated costs are predicated upon experiences of this office
in accomplishing this requirement in recent contracts in civil
projects in this general area,

Current costs are estimated at $2, 000 per mile. The
perimeter distance of the subject reservoir is estimated at six.
miles; therefore, the costs for accomplishing this work is esti-
mated as follows:

6 miles. @ $2,000

1]

$12, 000

8l. Relocation Assistance, - Public Law 91-646, Uniform
Relocation Assistance and Real Property Act of 1970, provides
for a uniform and equitable treatment of persons displaced from
their homes, businesses, and farms by Federal and Federaliy-
assisted programs. In accordance with this law, an estimate of
$360, 000 is included in this report to cover the implementation
of this Act, '

82, Severance Damages. - Severance damages usually occur
“when partial takings are acquired and when the remaining portion
may not be subject to full economic development. The severance
damages are measured and estimated on the basis of '"Before
and After' appraisal methods and will reflect actual value losses
incurred by remainders as a result of partial acquisitions. It

is planned to follow good sound real estate acquisition practices
so that damages of this nature will be minimized. The estimated
severence damages for the entire project are $50, 000, -

83, Contingencies. - A contingency allowance of 15% is con-
sidered to be reasonably adequate to provide for possible ap-
preciation of property values from the time of this estimate to
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the acquisition date, for possible minor property line adjustments,
or for additional hidden ownerships which may be disclosed by
refinements of taking lines, for adverse condemnation awards,
and to allow for actual, pract:ca}. and realistic negot1at1ons

_ pursuant to exxstmg acqulsltmn regulatlons.

-84, Eva.luatmn. ~ A thorough search of the records was made in
both the Towns of Ashburnham and Westminster to.obtain comparable
sales data, In addition, real estate brokers; appraisers, local
officials, and knowledgeable persons were 1nterv1ewed to secure
data and value estimates. The property evaluation is based on a
knowledge of the general real estate market in this area which
was obtained from this survey and analysis of sales data. All
of the improvements located within the purchase area have been
inspected from the exterior, and a random sample of interiors
was inspected and owners interviewed. The land values used in
this estimate are average unit values which reflect for both large
and small tracts of land with differing physical charaeteristics.

_ The values assigned to developed lots mclude all 1a.nd o
unprovements. Potentially developable residential land consists
of land fronting on the public roads with a potential for development
in the foreseeable future. The value assigned is an average unit
value which reflects for lots classified between poor to good. The
land classified as wooded and cleared consists of poor land front-
mg on roads and rear lands.

The est1mated real estate market values and total. rea.l
estate costs are as follows: . ‘

NOOKAGEE LAKE

GROSS APPRAISAL

Improvements

20 Dwellmgs (19 ‘Homes
1 Capped Foundatlon) $353, 000

3 Farms 70, 000
3 Commercial 7 58, 00¢
TOTAL VALUE OF IMPROVEMENTS  $481,000
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TOTAL VALUE OF IMPROVEMENTS

Land

30 Acres
30 Acres
5 Acres
40 Acres
497 Acres

17 Acres

6 Acres

620 Acres

(Brought Forward)

Developed Residential Homesites
@%$3,500 Per Acre

Potential Homesites
@%$2, 500 Per Acre

Developed Commercial
@%$5, 000 Per Acre

Agricultural

@$500 Per Acre

Wooded & Cleared lL.and

@$250‘ Per Acre
Abandoned Roads & River Bottom

Access Road
@$500 Per Acre

TOTAL VALUE OF LAND

Total Value of Land and Improvements

Acquisition Costs

Reservoir Boundary, Surveys and Markings

Severance Damages

Contingencies (15% of $982., 000)

$105, 000
75, 000

.25, 000

20, 000

123, 000

0

3,000

Access to Stream Below Dam (16 Acres - incl. conting.)

Relocation Agsistance

. TOTAL ESTIMATED REAL ESTATE COSTS

Rounded To
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$ 481,000

$ 351,000
832, 000
88, 000

12, 000
50, 000
147, 000
35, 000

360._000‘

$1,542, 000

$1, 500, 000



V. RELOCATIONS

85. Relocation and-Effects._ -

a, Roads, - Portions of the following roads W1th average
daily traffic volumes of 20 - 3, 540 vehicles (1969) are located
within the reservoir area (See Plate 2-17). Actions to be taken
for the portions of the roads involved are indicated below:

Road - Action
Route 12 (Ashburnham Street) Relocated
Dean Hill Road - . Regraded
Fred Smith Road ' Regraded .
Sheldon Road = - Regraded
- MclIntire Road ‘ Regraded
Bean Porridge Hill Road =~ - : Relocated (Spur Road)

A total of 3.9 miles of new roads will be required as a
result of the project and includes relocations, raising or improve-..
‘ments, Approximately 2,5 miles will be abandoned. Massachusetts
State unte 12 (Ashburnham Street) is the most heavily traveled
highway in the reservoir area with a present day average daily o
traffic volume of 3, 540 vehicles and is the major highway connecting
Fitchburg, Massachusetts with Keene, New Hampshire,

b. Utilities., - Utilities in the reservoir area requiring re-
location consist of electrical distribution and telephone lines.

¢. Environmental Effect. -~ The relocated highway, Route 12,
‘will be routed through undisturbed land and will have an adverse effect
~ on the natural environment. The most important effect will be the
destruction of about 23 acres of woodland and 15 acres of pasture
land. Other adverse effects will be the creation of cut and fill slopes,
the exposure of land areas to erosive action, and destructmn of wild~
life habitat represented by the 38 acres. The alignment of the new
highway was selected, in part, by the wish to disrupt as small an area
as possible. Relocation to the east, away from the proposed lake
will provide for a wooded buffer zone between the proposed lake and
traffic and also will provide land areas for recreation. All the ex«
posed disturbed areas adjacent to the highway as well as the other
roads will be topsoiled and seeded. Plantings of trees and shrubs.
will be provided where they will assist in enhancing the appearance
of the mod1f1cat10ns., :
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d. Views of Owners. - The plans for the proposed
highway relocations and modifications as described herein
have been reviewed with officials of the Massachusetts Depart-~
ment of Public Works, the towns of Ashburnham and Wesitminster,
and the City of Fitchburg, All have indicated informally that
they are in agreement with the proposed plans. The Westminster
‘Selectmen have indicated that, although they approved of the re-
location plans, this did not necessarily mean that they approved
of the project. A The owners of the utilities have indicated their’
concurrence, '

86, Method of Accomplishment. -

a. Roads. - The changes in the road system, as afféctet.fl
by the reservoir, will be accomplished by the Government (as '
noted below) to conform with the geometric highway design stand-
ards of the Commonwealth of Massachusetts and Worcester County
for existing traffic volumes (without traffic projections). Officials
of the Massachusetts Department of Public Works have advised that
they will design, acquire all land, award and superivse a con-
struction contract for relocation of Route 12 under cost reimbursable
contracts, The State's interest is limited to the relocation of Route
12 and its intersecting roads and does not include the spur road or
road work to be performed during construction of the dam and re-
servoir., The latter work will be incorporated in the general con-~
tract for the dam. A lump sum contract will be executed with the.
Commonwealth of Massachusetts for design and preparation of con-
tract plans and specifications for Route 12 relocation upon approval
of DM No. 4, Relocations. Cost reimbursable contracts will be
negotiated with the City of Fitchburg and the towns of Westminster
and Ashburnham which will cover all required road modifications
and provide for necessary legal expenses incurred in the abandonment
of existing roads and acceptance of related roads. The estimated
cost of relocating all roads including E&D and S&A is $1, 555, 000.
All proposed road relocations and detailed cost estimates will be -
described in Design Memorandum No. 4 - Relocations.

b, Utilities. - The utility relocations will be accomplished
by negotiated agreements with the owners; namely, the Massachusetts
Electric Company, Ashburnham Municipal Light Department, and the
- New England Telephone and Telegraph Company. The compensation
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to the owners will be based on replacement in kind, -without
betterment, or abandonment and removal where the service

is no longer required, and will include furnishing engineering
services, preparation of plans, and accomplishment of the re-
quired relocations, all of which are subject to the relocation
procedure and approval of the Government. The total cost of
utility relocations is tentatively estimated to be $95, 000. All
proposed utility relocatmns and detailed cost estimates will be
.described in Deslgn Memorandum No. 4 - Relocatlons.

W. COST ESTIMATES

87. First Costs. ~ Unit prices used in estimated construction

. and relocation costs are based on average bid prices for similar
- work in the same general region, adjusted to the 1972 (J‘uly)
price level, Valuations of real estate are based on recent ap~

- praisals of properties at the site and include the additional costs
for resettlement and acquisition as required under the recently
enacted Public Law 91-646. All construction costs include an
allowance of 15-percent for contingencies. The. total first cost
of the project is estimated at $10, 500, 000. A summary of the
cost of the various features of the work is given in Table 1, and
a detailed breakdown of quant1t1es and umt prices is mcluded in
Appendix D,

: TABLE 1
SUMMARY OF PROJECT COSTS
(July 1972 Price Level)

Project Features . Estimated Cost
Lands and Damages $ 1,500,000
Relocations ‘ : ' ..}, 410,000
Reservoir _ _ 650, 000
Dam and Appurtenant Structures . .5,150,000
Roads ' | _ 5,000
Recreation Facilities ‘ - 15,000
Buildings, Grounds & Ut111t1es : 130, 000
- Permanent Operating Eqmpment . : . 60,000
Engineering and Design - 910, 000
Supervision and Administration 670, 000
' Total Estimated Project First Cost $10, 500, 000
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88. Comparison of Estimates. - The current cost estimate

of $10, 500, 000 shown in Table 1 reflects an increase of $2, 100, 000

since the last reported estimate in Appendix A of the Whitmanville
GDM which amounted to $8, 400, 000. The 1972 estimate reflects.
more realistic costs than either the 1970 or the original 1964
estimate since it is based upon the availability of more accurate
mapping, detailed surveys,more extensive explorations, refine-
ments in designs and on more clearly defined requirements.

A comparison of the estimates is shown in Table 2 and the major
reasons for the changes are sited in 2. and b. below.

TABLE 2

. Authorized Previous Current Change
Project Feature : 1964 1970 1972 1970-1972
Lands and Damages $ 375,000 $ 915,000 $1,500,000 $ 585,000
" Relocations ' 750, 000 1,100, 000 1,410,000 . 310, 000
Reservoir ' 95, 000 160, 000 650, 000 490, 000
Dam ' _ 3,033,000 4,760,000 5,150,000 390, 000
Roads _ 13,000 20,000 5,000 -15, 000
Recreation Facilities 162, 000 : - 15, 000 15, 000
Bldgs, Grounds, & Util. 62, 000 60, 000 130, 000 70, 000
Perm, Operating Equip. - 35, 000 60, 000 25, 000
Engineering & Design 580, 000 780,000 910, 00C 130, 000
100, 000

Supervision & Admin. 360, 000 570, 000 670, 000

$5, 430,000 $8,400,000 $10,500,000 $2,

100,000‘

a. FEscalation from 1964 to 1970. - The cost estimate of 1970

was based primarily on normal expected escalation of the 1964 price
levels,

b, Changes from 1970 to 1972. -

(1) The Uniform Relocation Assistance Policy Act of
1970 Public Law 91-646, which authorized additional costs for re-

settlement and acquisition of real estate, increased the cost of lands '

for the reservoir and for the road relocations by approximately
$375, 000 of which $360, 000 was attributed to reservoir lands and
$15, 000 for relocation lands.
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| (2) ' Approximately $216, 000 of the $310, 000
increase in cost for relocations is attributed to the cost of the
spur road., The importance of providing the town with an ac~
- ceptable connection between Bean Porridge Hill Road and Ash-.
burnham Street was stated in Section G. The cost of $170, 000
for the Route 12 climbing lane (1.6 miles long) was included

in the cost increase from 1964 to 1970,

{3} The increase in cost of $490, 0600 for the item
"Reservoir'' is due primarily to the need for grubbing and stripping
150 acres of land in the reservoir to make the project aesthetically
more pleasing and to insure a high quality of water. The concern
for possible environmental degradation of the valley has been ex-
pressed on several occasions by various groups. Their concern
wasg underscored by the letter from the Governor dated 23 July
1971, Exhibit C-6. '

(4) Concern for the environmental impact of the pro-
ject, particularly during construction, has indirectly influenced
the cost. Restrictions on the contractor's operations in the borrow
area, the selection of the haul road, sequential clearing and strip-
ping, disposal of trees, erosion control, etc., have dec:.dedly
mﬂuenced constructmn costs.

(5) A cost escalat:.on since the previous estimate of
15% due to h1gher costs of la.bor and materials, is accountable for
part of the increase in the total cost of the project.
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X. SCHEDULE FOR DESIGN AND CONSTRUCTION

89. Design. - Preparation of plans and specifications for the
relocation of Route 12 will be essentially completed in December
1974; the earliest that the Commonwealth of Massachusetts can
complete the design.  Preparation of plans and specifications for
the dam and appurtenant structures will be designed concurrently
with the highway design and will also be completed inh December
1974. B b ‘

90, Construction. -

a. Relocations. - Route 12 passes through the damsite,
therefore, its relocations must be initiated early in the construction
program in order to clear the work area for the construction of the
dam. - Construction of the relocated road will be initiated in the
early spring and completed in the fall of the following year {2nd
half Construction Fiscal Year One thru 1lst half of Construction Fiscal
Year Three). The work for the relocated highway will be accomplished
under a contract administered by the Commonwealth of Massachusetts,
Construction of the relocation of electric distribution and telephone
lines will be accomplished under separate contracts to be negotiated
‘with the respective utility companies in Fiscal Year One.

b. Dam and Appurtenant Structures, - Construction of the
dam outlet works, spillway and clearing of the reservoir will be
accomplished under a single continuing contract to be awarded late
in Construction Fiscal Year Two when the highway relocation has
progressed to an advanced stage of completion. An estimated con-~’
struction schedule follows: '

(1) First Season of Dam Construction, - During the re-
mainder of the c'onstr_uction season (Remainder of Fiscal Year Two
"~ and 1st half of Construction Fiscal Year Three) the contractor will
mobilize and initiate construction of the spur road and complete the
clearing and grubbing of the sites of the structures and a segment of
the borrow area and initiate excavation of the outlet works.

(2) Second Season of Dam Construction (2nd haif Fiscal
Year Three and lst half Fiscal Year Four Construction Seasons). -
The contractor will complete the excavation of the outlet works and by
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1 June must complete the inlet and outlet channel, the intake
tower to an elevation above the permanent cofferdam, the con-
duit, the stilling basin, place the impervious blanket, and
initiate excavation of the spillway discharge channel. He will
construct by 1 July temporary cofferdams upstream and down-
stream of the damsite and divert Phillips Brook through the ‘
outlet works. After the diversion has been completed, the cons=
tractor will strip the remainder of the damsite, construct the .
permanent cofferdam to Elevation 790. 0 and initiate and com~
plete the foundation grout curtain to Elevation 800 by mid-November.
The contractor will also continue as needed the excavation of the
spillway channel and use the rock as protection on the cofferdam.

(3) Third Season of Dam Construction (Z_nd half
Fiscal Year Four and lst half Fiscal Year Five Construction Season). -
With return of favorable weather, the contractor will continue with
placement of the embankment fill, excavation of the spillway channel;
complete the grout curtain above El. 800, complete the construction
of the mtake tower and the placing of the spillway concrete. The
" borrow area will be topsoﬂed and seeded in phases as material
 excavation progresses, '

_ (4) Fourth Season of Dam Construction_(an half ‘
._Fiscal Year Five Construction Season). - The clearing and stripping

of the reservoir, will be completed as will be the buildings. The
service bridge will be constructed and the remainder of the earth :
‘slopes will be topsoiled and seeded. All work is expected to be com-
pleted by 30 June (Fisé.al Year Five).

91. Funds Required. - Funds will be required by fiscal year ap-
proximately as follows: : o

Construction N -
~ Fiscal Year : ~ Amounts Required

$ 400,000
2,400, 000
2, 600, 000
3,200, 000
1,151, 300

T T N

Sub Total $ 9,761,300
Allotted thru FY 1973 738,700

TOTAL PROJECT ESTIMATE $10, 500, 000
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Y. OPERATION AND MAINTENANCE.

92. General. - The Nookagee Lake project will be operated
and maintained by the Federal Government under the super- -
vision of the Division Engineer, Corps of Engineers, Waltham,
Massachusetts, A project manager and an assistant will be
required to Operate and maintain the project complexo

93. Operations, = The reservoir will be regulated for flood

control and water quality control by the Corps of Engineers in-
cluding the minimal recreational facilities. Operational details
are outlined in Section Z, Reservoir Regulation, of this report.

94. Maintenance. - Periodic inspection will be made of the
Nookagee Dam and appurtenant structures and equipment. The
dam and appurtenant structures will be maintained and operated
by a Corps of Engineers staff. Maintenance will be based on
regular detailed mSpect:.on of the entire works, mcludmg all
operations necessary to preserve the structures. :

95, Major Replacements. - Items deemed to have a2 useable life
less than that of the project will be replaced when necessary.
Most items such as flood control gates, gate valves, heating and
ventilation systems, instrumentation equipment and part of the '
recreational facilities are considered to need replacement: every
twenty-fwe years, '

96. Annual Costs. - Estimated annual cost of major replacement
is $6,000. The Estimated annual cost of 0perat1on and maintenance
is $54, 000 and includes: :

Salaries ' $21, 000
Reservoir Cont. Center 8,000
Real Estate 4,000
Utilities ' _ 5,000
Supplies & Misc. 4,000
S&A 3,000
Division Overhead ' 9,000
TOTAL  $54, 000
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Z. R'ESERVOIR REGULATION |

917. General. - Flood control and water quality discharges
from the project will be regulated by the Corps and will be
coordinated with releases from Whitmanville Lake, wh1ch

'is also under design. In addition, flood releases from the

- project will also be coordmated with releases from Phillips .
Dam, which is authorized but not yet under design. The al~ '
location of the total storage of 8, 400 acre-feet for Nookagee

is summarized in Paragraph 51 and in Figure 2 of th1s '
memorandum.

98. Reg'ulation 1:’1'0-cedv.1:res° -

Flood Control. - Nookagee Lake d:scharges will be
regulated primarily to prevent or reduce flood flows on the N
North Nashua River in Fitchburg and Leominster, and secondarily.-
for other downstream communities on the Nashua and Merrimack
Rivers, During construction of the project the Reservoir Control
Center of the Water Control Branch will establish detailed re-
- gulation procedures, Information on time of emptying and down~
‘stream channel capacities for the Nookagee and Whitmanville
_projects were presented in DM No. 1'- Hydrology (Revised) The
~ channel capacity of the North. Nashua River through the existing
local protection project in the downstream area of F1tchburg was
originally designed for 9,000 c.f,s. Detericration over the past
30 years has reduced channel capacities at some locations to
below 6,500 c.f.s. Gages, either recording or staff, will be in- .
stalled at selected downstream locations and will be used in de-~
termmmg operating criteria. :

_The effect of the proposed reservoir system on the record
March 1936 flood is shown on Plate 1-24 of the Hydrology DM.
The routing of the standard project flood through the Whitmanville
~ and Nookagee Lakes is also presented on Plates 1-17 and 1-22,
' The effect of the proposed reservoir system on the standard project
flood in Fitchburg is shown on Plate 2-13 of this memorandum.

b. Water Quahty Recreation, - By the end of the spring
snowmelt season in March or April, & full water quality pool will
be established. Snow courses will be established upstream of the |
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reservoirs in order to monitor the water content and density

of the snowpack. In order to stabilize the summer recreation
pool at Whitmanville to the fullest extent possible, it is con-
templated that all necessary water quality releases for the
period June thru Labor Day would be made from the 3, 000 acre-
feet of water quality storage at Nookagee Lake. After Labor _
Day these releases would be stopped and water quality releases
from Whitmanville will commence. A minimum flow of about

2 c.f.s. will always be released from the Nookagee project as '
recommended by the U. S, Fish and Wildlife Service. The
‘water quality storage will be refilled as rapidly as possible, -
after Labor Day, while maintaining minimum flow in the stream,

99. Recording Equipment and Gages. - A pool stage recorder
will provide a continuous record of the water level upstream of.
Nookagee Lake, and a tile gage will also be used for reading
pool levels and for calibrating the recorder. A tailwater re-
cording gage will measure both high and low flow reservoir
releases, :

A recording gage, established by the USGS on the North
Nashua River in Fitchburg near the Arden Mill Dam will measure
stream flow and will be used as a primary index station for flood
control and for water quality releases from Nookagee and Whit-
manville Lakes. Other gages, either recording or staff will be
installed, as needed, at selected downstream index stations.

Permanent water quality monitoring equipment will be in-
stalled at Nookagee and Whitmanville L.akes and also at the
Fitchburg gage to measure various water quality parameters.

These parameters will include dissolved oxygen, water temperature,
PH, conductivity and other chemical, physical and bacteriological
parameters as may be deemed necessary. Evaporatmn pans w:ll

be located at the prOJect to measure evaporation.

100. Communcation. - In order to assure continuous contact
between the operating personnel at the dam and the Division Office
at Waitham, Massachusetts, telephone and radio equipment will be
installed in the utility building and remoted to the operating room.
River stage data from the Leominster gaging station and the water
guality data from the Fitchburg gage will be directly transm:l.tted
to the Reservoir Control Center.
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AA, HEALTH CONTROL

101. Existing Pollution Health Hazard, - Serious pollution exists
in the North Nashua River from the outfall of the uppermost

paper company in Fitchburg to its confluence with the Nashua at
Lancaster, The industrial and domestic pollution not only inhibits
the potential uses of the water but is a serious health hazard to

the inhabitants of the basin. In December 1968, the Northeast
Region of the Federal Water Pollution Control Administration issued
a five part report on the pollution of the Merrimack River and cer-
tain tributaries-and in the course of summarizing stated that the
“excessive bacterial pollution presents a health hazard to all who
come in contact with the water". Conversely, Phillips Brook is

of high quality and free of pollutants,

102. Vector Problem. - Based upon conversations with the Re-

gional Office of the U. 5. Public Health Service ard the Environmental
Health Division of the Masgsachusetts Department of Public Health,

it is understood that there are no published reports on the vector
hazards of the Merrimack River Basin. A summary of the information
- available concludes that the vector problem can be divided into two
groupsi Vector-Borne Diseases and Vector-Annoyance Problems.

a. Vector-Borne Disease's. - The two vector-borne disease’s
of potential importance in the Merrimack River Basin include the
- viral encephalitis and Rocky Mountain spotted fever. The "Eastern"
type of mosquito-borne encephalitis does appear in Massachusetts
and during the period 1938-1968, 50 cases occurred in Eastern
Massachusetts. Although cases of Rocky Mountain spotted fever
(transmitted by the American dog tick) have been reported on Cape
Cod, no occurrence of this disease has been reported from the
Nashua River Basin. : '

b. Vector-Annovyance Problems. - The vector-annoyance
problems, although not a serious public health problem, can cause
~ much annoyance and discomfort. Within the Nashua River Basin, .
the commeon annoyances include mosqmtos, black flies, the deer

and horse flies,

c. Control - To minimize the vector problem for the
Mookagee Lake project, consultation with the U. S, Public Health
Service and the Commonwealth of Massachusetts will be pursued and
specific recommend_atlons will be requested.
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BB POLLU TION CONTROL

103, General, - The water in Phillips Brook is of high quahty
and a distinct asset to the basin. In addition to providing re-
creational enjoyment, the Brook is a source of process water
(3/4 m.g.d.) for a paper mill located in the vicinity of the
confluence of Phillips Brook and the North Nashua River,
(Exhibit 8, Sheet 2, Appendix A of Whitmanville GDM). Con-"
. sequently, Phillips Brook must be kept as free of pollutants
‘as possible both during and after construction. To achieve the’
pollution control necessary, control measures will be included
in the design of the project. Possible sources of pollution and
their control are discussed below.

104. Possible Sources of Pollution. -~ Water, a1r, and no:.se
pollution are possible from the followmg gsources:

a. Soil erosion .
Ab. Dust
c. -Clearing_.ar_xd stripping
d. Borrow ope.rations
e. Spoil from batch pi'ant .or concrete placing
- £, Cénérete curing water (Spillway, etc.) |
g. Operation of moforizéd equipment
h. Oil_and fuel spillage
i Contracfor storage an‘d equipment.mainténang:e areas
3o Personnei sanitation facilities

105. Pollutmn Control Measures, - Measures to be employed to
minimize pollution include:

a, Soil Erosion. -~ Erosion of soil by water is a recognized
problem. The disadvantages of uncontrolled water erosion include -
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pollution by water borne soil material, destruction of land sur-
faces and vegetation, and unfavorable working conditions. It is
foreseen that precautions must be taken during dam construction
to avoid unnecessary destruction of stabilizing vegetation control
surface runoff, and provide settling basins to remove silt from
water before it is discharged into the stream.: :

b, Dust. - Since dust can become a pollution problem,
especia.lly in dry weather, a program making use of water and

- dust pa.lha.twes will be enforced on the project.

c. Clearing and Stripping, - Clearing on the project will
be kept to the minimum necessary. Burning of cleared material
will not be allowed., All trees will be cut into sawlogs and cord-
~wood, with smaller material proces sed by woodchippers. The
best possible means of disposing of the material will be studied
during design.

The problem of preventing surface erosion during stripping
operations and while the reservoir is being filled has been con-
sidered. One solution is to strip in increments defined by two
contour lines. When the area increment is stripped, the reservoir
water level would be raised to cover it." In this manner, no large
area would be subject to surface erosion. This and other methods
will be studied during des:.gn. ‘

d. Borrow Operations. - Pollution by waterborne silt is
always a problem in borrow operations. Several methods are under
consideration to minimize the problem. A technique will be studied
and resolved during design to control surface water runoff. Water
will be collected, channeled to settling basins where silt can be re-
moved at zero or low veloc1ties, and the water dxscharged to the
stream.

To avoid exposure of excavated earth surfaces to water
erosion for longer periods than necessary, a sequential borrow
. operation will be planned. By this method, certain limited areas
will be cleared, stripped, excavated, graded and revegeta.ted in a
series pattern. Thus, the disadvantages of waiting until all borrow
operations are complete before stabilization of earth surfaces will
be avoided, and both exces s1ve water erosion and unnecessary dust

pollution avo;ded
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e. Concrete Spillage. - Sinceé some spillage of con-
crete can be expected from concrete placement operations, it
is recognized that a method of contammg such material will
be necessary in order to prevent it from entering the river.

" Probably a system of small dikes and a regu.lar cleanup
operation will be necessarye :

. f.- Concrete Curing Water, - Disposal of water used in
concrete curing is a recognized problem, and since it can carry

materials in suspension which could adversely affect water

quality in the Phillips Brook a method of controlling it must be

" worked out in final design,

g. Operation of Motorized Equipment. - Pollution by noise
and exhaust emissions is to be expected from operation of equip-
ment. In order to minimize such pellution, a continuing program
will be in effect during construction to insure that all engines are
properly tuned, that effective mufflers are 1nsta11ed in all equip-
ment, and that correct grades of fuel are used in the engmes.

h. OQil and Fuel Spillage, - All necessary precautmns wiil
be taken to insure that oil and fuel are not disposed ¢f carelessly,
and to insure that the river and/or ground is not polluted by these
agents. A strict policy will be enforced requiring that all major
equipment maintenance be performed in a predetermined location,
that all used oils be placed in containers for proper disposal, and
that fuel and oil spillage on the ground be kept to 2 minimum.

i. Contractor Storage and Equipment Maintenance Areas, -
The locations of these areas will be designated by the Government.
Grading and drainage will be controlled to prevent surface runoff
from carrying po_llu,tahts and debris into the river. A policy of
dust control will be enforced.

jo Personnel Samtatmn FaC111t1es. - Strict samtahon
measures will be enforced. The contractor will be required to con-
struct facilities for san:.tatmn and for proper d1sposa1 of sewage,
As needed, portable pumpout type facilities will be required on the
project site.

k. Downstream Stilling Basm « During des:Lgn, 1t will be
necessary to evaluate the effectiveness of pollution control measures
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related to water quality. If it is found that there is a sign-
ificant possibility that there may be pollutants escaping the
‘control measures described above, consideration will be
given to the necessity for construction of a stilling basin down-
stream of the construction area to trap such escaping pollutants.

cc. BE_NEFiTS

106. General. - The North Nashua River Basin drains the
north-central part of Worcester County, the largest county in -
Massachusetts. Representing slightly less than 10~percent of
Worcester County in area, the basin includes the Fitchburg-
Leominster SMSA (Standard Metropolitan Statistical Area) one
of three economic nodes which dominate an otherwise almost.
rural county. The other nodes are the Worcester SMSA and the
Webster-Dudley-Southbridge area in the southern end of the
county. The Fitchburg-Leominster SMSA lies entxrely in the
basin. '

a. Economy. - Manufacturing is the largest single em~
ployer in the basin and the Fitchburg-Leominster area is not only
a major ma.nufacturmg center, but is also the wholesale and retail
trade center for northern Worcester County-, a.d;acent portions of
Middlesex County and a part of southern New Hampshire. With
150, 000 people living within 15 miles of the center of the SMSA
and having a reasona.bly good road network, the area has developed
into a regional market-place surpassed on}.y by the Worcester SMSA
in size and sales volume, ‘

b. P'ogula.tmn. The basin had a population of 98,860 in :
the 1970 Census. In the decade '1960-1970, population grew 9, 9% o
compared with 9.4% for the state and 8.7% for Worcester. '
County as a whole. Its gross dens:ty of 748.9 people per square
mile is slightly higher than that of the state as a whole (715. 6/ SM)
and 79% h1gher (418/SM) than Worcester County.

107. Flood Control'Beneﬁts. -

a. Flood Loss Potentials, - Over 2, 800 ac'res‘lof land iying _
along both banks of the North Nashua River and its tributaries are - .
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subject to flooding. In its lower reaches the flood plain is
largely unused, hut above Mechanic Street Bridge in Leominster
it is increasingly built over as one travels upstream. Above

the Fitchburg- Leomlnster City line the only portion of the river
bahks not developed is that occupied by the Fitchburg Airport.
Much of Fitchburg's industrial plant and a portion of the com-
mercial center of the -city are in the flood plain.

" A recurrence of the flood levels of March 1936, the re-
cord flood in the basin, would cause losses estimated at over
$42, 2 million under 1972 conditions. The authorized plan for
flood protection, comprised of four regservoirs and three channel
improvement projects, would prevent $41. 8 million of this re-
curring damage. Nookagee Lake acts as an integral unit in this
coordinated system for reduction of flood flows in the basin ‘
(see Table 3), Much of the loss would be to industrial pro-
perties but commercial and public interests including the airport
~and the Leominster sewage treatment plant would also be involved.

Prior to the preparation of the Whitmanville and Nookagee
Lake GDM's, the flood losses in the basin were reviewed in the
field to ascertain the relevancy of the 1963 damage estimate of
$1,280,600. The review concluded that the original estimate
remained essentially valid and warranted only a price level ad-
justment, Under current conditions the annual losses in the basin
are estimated at $1, 570, 000, '

b. Trends of Development. - As noted above, the population
of the basin over the past decade, has grown at a rate exceeding.
that of the State and Worcester County. Field reconnaissance in-
dicates that the loss potential in the flood plain has grown at an
even faster pace since 1962 as new development has taken place in
Leominster, Historic trends in flood losses in New England in-
dicate an increase in the loss potential in developed or partly de~
veloped areas with the passage of time. This is especially true
with industrial properties where the need to stay competitive means
increasingly sophisticated plant but it is also true for commercial
properties. Part of the increase in flood loss potential is due to
additions to existing properties, part is due to increased values of
~contents in structures (such as color television sets replacing-black
and white sets) and part is due to new construction. All these items
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TABLE 3

NORTH NASHUA RIVER BASIN

, Damege Prevention Data on
Recurrence of Record 1936 Storm Levels

North Nashua River = Baker Brook

Recurring Losses ' - $40,530,000 o $180,000
Damages Prevented : - (k0,210,000) . - {130,000)
North Nashua Channel improvement) A
Whitmanville Lake )
Nookagee Lake ' S :
Phillips Reservoir ) 40,210,000 -
" Baker Brook Channel Improvement (Inactive) ' : 130,000

Monocosnoc Channel Improvement) CTO be Restudied)
Moncosnoc Lake

Residual Losses - - : ' (320,000) 1 (50,000)

July 1972
. : Total
Monoosnoc Brook ~  Basin
$1,490,000  $42,200,000
(1,460,000) ~  (41,800,000)
1,460,000
(30,000)  (400,000)




are related to the real wealth of an area, Wealth, expressed

as personal income, has been projected to increase approximately
6.5 times, measured in constant 1958 dollars, over the next

50 years for the water resources area of the basin. - Nookagee
Reservoir is expected to be operatmnal in 1978-1979, however,
since data was already available 1975 has been taken as the

base year in making projections. The increase for inter-
medjate bench mark years are as follows: :

1980 | 1,184 times 1975 base
2000 2.504 times 1975 base
2020 - 5,267 times 1975 base
2025 ' ' 6.070 times 1975 base

Growth between bench mark years was assumed to be 2
straight line., Flood losses are projected to increase at a rate
which is 40% of the increase in personal income. Discounted
at 5-1/2% the average annual equivalent value of the growth amounts
to 0.550. Annual losses and benefits were adjusted by this factor
to reflect the expected growth -Total estimated annual losses
amount to $2, 434, 000 consgisting of $1,576, 000 to present de~ -
velopment and $864, 000 average annual equivalent losses due to
growth.

In selecting a rate for projection of losses and benefits
cognizance was taken of the rates suggested in the North Atlantic
Region report, Appendix E. The report states that from 0,66
to 0.74 of the increase in personal incoine was reasonable in the
‘North Atlantic Region, These rates are deemed high for southern
‘New England where a rate of 0,40 appears to be more apprOpnate
and was therefore used.

c.. Annual Flood Damage Prevention Benefits, - Annual
flood damage prevention benefits were measured as the difference
between annual losses in the basin after the restoration of the North
‘Nashua River channel in Fitchburg and annual losses remaining
after the operation of a system of three reservoirs, Nookagee,
Whitmanville and Phillips Dam with each reservoir receiving an
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equitable share of the benefits. Benefits to Nookagee in the - : N’
system amount to $730, 000 consisting of $465, 000 to present o o
development and $265, 000 average annual equivalent benefits

due to future growth. If Nookagee is considered ag acting

‘alone the benefit would be $780, 000 and as last added, for the

most stringent economic test the benefit would be $450, 000.,_

- 108, Water Quahtv Control Benefits. - Both low flow a.ug-
‘mentation and adequate treatment of wastes at their source

are essential to meet water quality ob;ectwes in the North
Nashua River. Benefits from the resulting water.quaiity will
be widespread and will include improved public health, more
attractive communities, enhanced real estate values, a better
aquatic environment, attraction of new industries, better re-
creational opportun1t1es, and an upgrading of the general
economy of the regmn. '

The most feasible alternative method of ach1ev1ng water :
quahty control in the North Nashua River is a single purpose
dam and reservoir at the Nookagee project site which would
provide water storage for streamflow regulation. The cost of
‘2 single purpose water quality control dam and reservoir affords
a measure of the minimurm value of the benefits to be derived
from flow releases. ' :

For the entire North Nashua Reservoir system the total
water quality benefits amounting to $573, 000 have been equated
to the annual cost of a single purpose dam at the Nookagee site
which would. prov1de equivalent storage. Since the Whitmanville
Lake project would contain 800 acre-feet (21%) of the total
3,800 acre-feet of the required augmentation, 21% of the total
beneﬁts ($120 000) was therefore accredited to Whitmanville Lake,
‘and the balance $453, 000 was accredited to the Nookagee La.ke pro- :
Ject.

109. Recreational Benefits, - Statistics available from BOR
indicate that there is an enormous, unsatisfied demand for water-
based recreatian in Massachusetts. In addition, the latest State
Recreation Plan recognizes the importance of the ‘propos_éd'Cdr'ps
lakes in the North Nashua River Basin for recreational pursuits,
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The State's Department of Natural Resources recently stated

"the opportunity to create alternative recreation developments
on all other existing lakes i3 remote since single-purpose pro-
jects would niot benefit from the economies inherent in a muiti-
purpose flood control development. Also, experience has

proven that it is extremely difficult to obtain even a public boat
ramp on great ponds in this vicinity much less a state park de-
velopment. Lake Winnekeag is a pr1rne example of the d1ff1cu1t1es
encountered in obtaining public use of lakes with ex1st1ng private
shorefront development” -

The recent construction of Interstate 495 through the area,
the planned construction of a north-south highway from Worcester
to Fitchburg and the improvement of Route 2 will assure easy
access to the North Nashua region from the major metropolitan
areas of Worcester, Lowell and Boston. . ‘

For reasons cited in the reformulation study, the Whit-
manville Lake site was deemed to be more ideally suited for the
more extensive and varied recreational development. At the re-
quest of the State, the Nookagee site will emphasize fishing,
whereas other pursuits such as water skiing and motorboating will
not be encouraged. By providing access to the reach of the brook
below the dam, the Nookagee site will feature both stream fishing
 as well as lake fishing. Even during the driest summers the water
quality control releases will insure an abundant supply of high
quality water and will extend the stream fishing season as much as
"two months. :

The 1.5 mile reach of stream below the dam is boarded by
relatively undeveloped land containing four homes, The extent
of access will be approximately 100 feet wide, including the brook,
‘with the land varying between 20 to 40 feet each side of the stream
banks. Providing access to the reach of stream below the dam will
help to mitigate the loss of 1-3/4 miles of stream due to inundation.
Present plans do not include taking easements or land from any of
the four existing improved ownerships, - The access strip, including
the brook is equivalent to 16 acres at a total cost to the Govern-
ment, including contingencies, etc., of $35 000.
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' By providing public access and boat launching areas, .

. it is estimated that the lake will provide an average annual

utilization of 11, 300 fisherman-days for a net recreational
benefit of $34, 000, Stream fishing below the dam will improve
to the extent of providing an additional 2, 000 fisherman-days ¢
and will mitigate the loss of 2 000 fxshermn-days from the
inundated stream. -

The loss of w11d11fe habitat in the reservoir area will
be mitigated by the creation of shallow water areas which would
be utilized by waterfowl, Nature study and bird watching will
result in an average annual recreatmnal benefit of $200 (con-

‘sidered insignificant).

DD, COST ALLOCATION

110. Allocation of Costs Among Purposes. = Costs of the
multiple purpose dam and lake allocated to the purposes of flood
control, water quality control and recreation were made by the
Separabie Costs Remammg Benefits method.. A detailed break-
down of allocations a.mong prOJect purposes is shown in Append:.x

' D A summary follows:

Purpose D First Cost _~ Annual Charges
Flood Control ~ . - $ 5,700,000 '$368, 000
Recreation (limited) : 270,000 . 23,000
Water Quality Control 4,530, 000 297, 000

_ TOTAL '$10, 500, 000 $688,000.

' 111. Apportionment of Costs Among Interests. - Since the re-

creational facilities will be minimal and the benefits for flood
control and low flow augmentation are widespread, all costs far
the Nookagee Lake Project are Federal. The Federal cost will
include the first costé, annual charges and annual operations, .
maintenance, and repiacement costs. A detaﬂed brea.kdown of
apportionment is, therefore, not necessary.
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EE. RECOMMENDATION

112, Recommendation, - The Nookagee La.ke pro_]ect plan is the
second installment of the 1mp1ementat1on of the water resources
plan for the North Nashua River Basm. It is recommended that
the project plan (as reformulated) consisting of an earthfill
 dam, reservoir and appurtenant structures, to be located on

- Phillips Brook in Westrnmster, ‘Massachusetts, and. prowdmg
multiple-use storage for flood control, water quality control and ‘
limited recreation; as subm:.tted in this Memorandum, be
a.pproved as a basis for preparatmn of deta.iled Design Memoranda
' and contract plans and specﬁications. : :
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 UNITED STATES
DEPARTMENT OF THE. INTERIOR

FiSH AND WILDLIFE'. SERVICE
BUREAU OF SPOR’!' FISHERIES AND WILDLIFE

u. S. POST OFFICE AND COURTHOUSE
BOSTON, MASSACHUSETTS 02109

Division Engineer

New England Division

U. S. Army Corps of Engingers
424 Trapelo Road

Waltham, Massachusetts 02154

Dear.Sir:

- This is our special report on the Nookagee Lake project, as re-
quested by Mr. Leslie's letter of July 2, -1971. The project was
authorized by Public Law 89-789, 89th Congress, in accordance with
the recommendations of the Chief of Engineers, as contained in Senate
Document No. 113, 89th Congress. This report is prepared under au-
thority of the Fish and Wildlife Coordination Act (48 Stat. 401, as -
amended; 16 U.S.C. 661-666 inc.), in cooperation with the Massachu-

“setts D1v1s1on of F1sher1es and Game. :

We understand the pro;ect's purposes are flood control, water quality,

- and timited recreation. Storage for water quality will be used to
meet the minimum flow requirements set by the Env1ronmental Protection
Agency for the North Nashua River.

The dam will be located on Phillips Brook, about four miles northwest
.of the City of Fitchburg, Massachusetts. It will control an J1.0

square mile area or approximately 70 percent of the 15.9 square mile

drainage area of Phillips Brook a tributary of the North Nashua River.

The resarvo1r site is a mix of forest, cropland and pasture and is
sparsely populated. The area is roughly bisected by Phillips Brook
and Route 12, a secondary highway. Fish and wildlife oriented rec-
reation is ]1m1ted in the North Nashua River Basin because paper com-
panies own a major portion of the land and have prevented public use.
The Whitmanvitlie Dam author1zed for construct1on is located two mzles
west of the Nookagee Dam.

PROJECT DESCRIPTION

The dam will be of earth-fill construction, 2,150 feet loq? by 106
feet high. The reservoir at 5p1llway crest elevation 835~ will have

- 1/ Elevations are in feet above mean sea level.



~ a surface area of about 318 acres. Total storage capacity will be .
8,400 acre-feet; equal to 14.6 inches of runoff. The total storage
1ncludes allocation of 4,700 acre-feet for flood control, 3,000 acre-
feet for water quality, and 700 acre-«feet for a minimum pool.

We understand the project will be operated in essentially the fo]low1ng
manner: by the end of spring runoff in April, the reservoir will be -
filled to elevation 816 (190 acres). During the months of July and
August, for the average year, releases will be made for water quality,
bringing the pool down 14 feet to elevation 802 (100 acres) by Labor Day.
During September and October, the pool will be held at elevation 802,

-~ with water quality releases coming from the Whitmanville Dam which is
located two miles to the west. Drawdowns based on the probédbility of a
dry season every five years could be 18 feet and in.one year out of ten, .
25 feet. Between the period November through April, the water quality
pool will be refilled as soon as possible while maintaining mutualily -
agreed upon downstream requirements. Table 1 lists the elevation, draw-
down, area, storage and depth of the reservoir during the period April

to October. One year. in two, flood storage would be six feet above the

_ April pool elevation of 816. These storages can be released in one to

. two days. It is expected that with releases for water quality during
July and August, flows in Phillips Brook downstream from the Nookagee
Dam would be between 17 to 20 cfs. Figure 1 dep1cts the various pool
elevations at d1fferent times of the year.

fable 1. Physical Characteristics, Nookagee Reservoir

Date : " Elevation Drawdown Area  Volume Max. Depth
(Ft.) {Ac.) {Ac.=Ft.} (Ft.)
April 30 816 0 190 3,700 73
~ May 31 816 0 190 3,700 73
June 30 - B16 | 0 _ 190 3,700 73
July 31 _ 810 6 150 2,650 67
August 31 S 802 b - 100 1,650 59
September 30 802 1h 100 1,650 59
October 31 S 802 14 100 1,650 59
Every 5th Year _ ' ' o
(Minimum Pool)’ 798 18 82 1,250 55
-Every 10th Year - L
(Minimum Pool) 791 . 25 50 ' 800‘ 48 -

Fish and Wildlife Resources

The effects of project development on fish and w11dl1fe resources were
determ1ned by comparing the estimated utilization of these resources



under ”without-the-prOJect” conditions with those estimated with the
project in operation., Utilization is expressed as the average annual
fisherman- or hunter-days over a 100-year life of the project and is

a reflection of the productive capability of affected habitat types.
The dollar value of benefits given are net recreational values. They
are based on '"Evaluation Standards for Primary Outdoor Recreation Ben-
efits' adopted by the PreSIdent's Ad Hoc Water Resource Counc1l, June h

19642/ ;

Fishery Resources - Without-the-Project

Phillips Brook in the Towns of Ashburnham, Fitchburg, and Westminster
is stocked annually on a "put-and-take' basis with about 3,000 brook
trout and 350 brown trout. The brown trout and 1,500 of the brook
trout represent in<season stocking. The two-mile length of stream to
be inundated by the project represents one of the best trout streams

in the area. The existing annual fishing pressure for the two-mile
segment is approximately 800 man-days. The average annual fiShing
pressure expected for this segment over the next 100 years is estimated
to be 2,000 fisherman-days.

Due to the low water levels during the summer, there is insignificant

utilization of the two-mile segment of Phillips Brook downstream of the
dam. :

Fishery Resources - With—the-Projecf

Construction of the Nookagee Dam will inundate two miles of trout stream
and will create a minimum pool of 100 acres during an average year. with '
the maximum depth being 59 feet, it is expected that a cold- and warm-’
water fishery will be established. Largemouth bass, yellow perch, pickerel,
and bulthead will provide the bulk of the warm-water flsh1ng,'and brook
trout will prov1de cold-water fishing opportun1ty.

If public access and boat-launching facilities are provided, it is es-
timated that the average annual utilization of the reservoir over the
" life of the project will be 11,300 f1sherman-days, for a net recrea-
‘tional value of $34,000.

With a minimum July-August flow of 17 cfs. occurring in the two-mile -
segment downstream from the dam, the trout season will be extended by
as much as two months, and fishing will be improved to the extent of
providing an estimated 2,000 fisherman-~days opportunity, for a total
recreational value of $8,000. These benefits will occur only if pubiic
access is assured. : ' - o

2/ See "Supplement #I-- Eva]uat1on Standards For Pr1mary Outdoor Recre~
ation Benefits', to Senate Document No. 97, 87th Congress, 2nd Se551on.



The net average annual fishery benefit for the project will be 11,300
fisherman-days, having a recreational benefit of $34,000.. Table 2 1ists
the average annuai fishery utilization and values.

Table 2. Average Annual-Fishery'Utilization and Values.

Area Evaluated Wi thout-the Project Wi th-the-Project Difference

Fisherman- - Value - Fisherman- Value Fisherman~ Value

- Days S Days ' 5 Days 8§

Reservoir Fishery 0 0 11,300  $34,000 11,300  $34,000

Stream Fishery 2,000  $8,000 0 0 -2,000 -$ 8,000
(Inundated) _ '

Stream Fishery 0 0 2,000  § 8,000 2,000 $ 8,000

(Downstream ' . ‘ .
from dam)
TOTALS 2,000 §8,000 13,300  $42,000° 11,300  $34,000

Wildlife Resources - Without~the-Project

The 318~acre area within the maximum flow line of the reservoir. pirovides
fair to good habitat for wildiife species such as white-tailed deer,

ruffed grouse, woodcock, snowshoe hare, gray squirrel and ring-necked =
pheasant, the latter species being stocked.. This area will provide an
~average annual utilization of 100 hunter-days over the life of the prOJect.
In addition, various non~game animals and birds are present in the area,
and afford some opportunity for nature study and b1rd-watch1ng. An es=- . .
timated 50 man-days of nature. study and b1rd-watch1ng could be prOVIded '
over the life of the project, A :

Wildlife Resourcés - With-the-Project

Construction of- the Nookagee Dam will e11m1nate about 190 acres of w11d-~“
1ife habitat. In addition, the product1ve capability of lands lying =
within the maximum flow line will be reduced as a result of seasonal
roodlng and general recreational use.
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During spring, in an average year, the reservoir w1ll have - approx1mately

45 acres of water four feet deep, or less, at the upper end of the res-
ervoir., This will provide a "fair'' to "good"' quality habitat for water- ,
f owl nesting, as well as opportunities for nature study and bird-watching.
This will result in an annual recreational value of approximately $200.00.
Available hydrological data indicate that spring flood storages above sle-
vation 815 would normally occur in March and early April, before the
waterfowl nesting period. '

Discussion

The public must have guaranteed access to the full length of the down-
stream segment in order to realize maximum benefits. Posting of the stream
is not a problem at present; however, steps should be taken by the Corps

of Engineers to guarantee future access to the stream banks, through land
acquisition or easements. Trout fishing benefits from flow augmentation
cannot be assured without pubiic access. Acquisition in fee of a strip 7
50-100 feet wide on alternate banks of the two-mils improved reach is pre-.
ferred, hut easement would be less costly and sat1sfactory from a ut1liza-
tion v1ewpo1nt. -

The increase in fisherman-days from a present 800 to 2,000 under ''without-
the-project’’ conditions is based on several assumptions. 'Every five years.
the Department of the Interior publishes a "National Survey of Fishing and
Hunting''. S$ince 1955, the general trend has been toward an increased num-
ber of fishermen, both in numbeér and percentages, although the latest sur-
vey in 1970 showed a decline. We are assuming that as the population rises
the number of fishermen will increase, and will place a heavier demand on-
streams and lakes. Another assumption is that at some time in the future,
the State will take steps to guarantee public access to the 2-mile length
of Phillips Brook to be inundated by the project. Ph1111ps Brook ‘provides
some of the best trout fishing in the area, and it is reasonable to assume
the State will eventually acquire at least f1sh1ng rights to portions of’
the stream.

In order -to provide optimum water temperatures and dissolved oxygen (DO}
levels for trout survival, and to provide opportunity for management of .
_pool water quality, multiple-gated outlets should be provided at elevat1ons -
750,770 and 790 to prov1de the option of water releasas From several :
elevations, : ‘

To prevent undesirable effects of vast expanses of exposed mud f?ats, the
area between elevations 816 and 802, with the exception of the potent1ai



waterfowl habitat at the upstream end of the reservoir, should be o
stripped down to mineral soil. This would provide desirable spawning
-areas for various fish species and prov1de an eesthet1cally pleas1ng

area, : : :

To provide fisherman access to the reservoir at various pool levels

during the summer months,-portions of Dean Hill Road, Bean Hill Road,
and Smith Road, between elevations 816 and 791, shouid contain boat-
launching ramps and parking facilities for 10 - 15 cars each.

Although releases for water quality will stop after Labor Day, a main-
tenance flow of about 2 cfs. should be maintained during September and
October. :

The loss of upland and forest game habitat through inundation will be
mitigated by the creation of shallow water areas which would be utilized
by waterfowl. An opportunity for bird-watching and nature study would
-also be provided. To provide nesting sites for wood ducks and other birds,
.tlmber in th1s shaliow water area should not be cleared

Recommendations

It is recommended that:

1. Public access to the two-mi le segment below the dam beeguafenteed‘
in the future by land acquisition and/or easements. _

2. Multiple-levei intakes be included in the'outletewprks and de-
signed to take water fromsapproximate elevations of 750, 770, and 790.

3. Pool margins exposed by seasonal drawdown, with the exception of
the upper end of the reservoir, be stripped between elevations 816 and
802 of all organic material down to mineral soil. -

L. Portions of Dean Hill Road, Bean Hill-Road, and &nith.Road, be= "

tween elevations 816 and 791, be made into boat-launching ramps to provide -

fishermen access at various pool levels and parking facilities for 10-15
‘cars be provided at each ramp.

5. A minimum flow equal to about 2 cfs. be maintained during'the
months of September and October.. :

6. T1mber in the shallow water area at the upper end of the reser-
voir not be cleared.



7. Your agency coordinate with the Massachusetts Division
of Fisheries and Game concern1ng fi shery management of the reServo1r
and downstream areas. .

Sincerely yours,

Wz@

Regional D1rector




APPENDIX B

RECREATION RESQURCES

NOOKAGEE LAKE




APPENDIX B
RECREATION RESQURCES

TABLE OF CONTENTS

Parggragh

I.

II.

IIX.

Iv,

v,

VI,

VII.

INTRODUCTION

a. Authority
b. Purpose
¢, Scope

DESCRIPTION OF PROJECT AREA

a. Location

b, Climate

¢, Topography

d. Ecological Resources

e¢. Accessibility

f. Envirommental Resources

g. Hydrological Considerations
h. Water Quality

PROJECT DATA

RECREATION MARKET AREA

a. Origin of Use

b, BSoclo=econanic Characteristics

c. Existing Recreation Areas

d. Recreation Demand and Project Capability

ANTICIPATED PUBLIC USE

a. Recreation Attendance
b. Land Acquisition

PLAN OF DEVELOPMENT

a. Sultability for Recreational Use
b. Proposed Recreation Development
¢. Fish and Wildlife Conservation

COORDINATION WITH OTHER AGENCIES

i

- N U iUl W WIFEE OF W WO R



TABIE OF CONTENTS (Con't)

Pa.r%ragh
VIITI, MANAGEMERT AND COST SHARING

IX,
X,
XI.

XII.

ENVIRORMENTAL QUALITY

COST ESTIMATES

RECREATION BENEFITS

PLATES

a., General Reservoir Plan



I, INTRODUCTION

a. Authority. - Nookagee Lake was authorized along with Wh‘i.tnanville Lake
by the Flood Control Act approved 7 November 1966, Public Law 89-789, 89th
Congress, as part of the North Nashua River Plan, _

The original project purposes of Nookagee Lake were flood control,
industrial water supply and recreation. However, in 1969, support for the
water supply aspect was withdrawn by locel interests and subsequently water
quality control was added as a project purpose (see text of GIM), The
recomended changes to the project purposes were submitted to the Office
of Chief of Engineers on 12 February 1971 and approved on 28 May 197.. As
a result, the new project purposes of Nookagee Lake are flood control, water
quality control, and limited recreation.

b. Purpose, - This appendix appraises the envirommental and recreational
resources of Nooksgee Lake and estimates the magnitude and growth of public
use to be acconmodated by the minimm required development while preserving
the environmental resources of the project. The amount and cost of the
limited recreation facilities, and the fish and wildlife resources sre also
evaluated and discussed. o

c. Scope, - This appendix presents s preliminary plan to serve as a guide
for development and administration of Nookagee Lake for public use purposes,
The plan includes a description of the project, proposals for public use
and access areas, factors influencing public use development, land require-
ments and preliminary cost estimates for public use facilities.

II. DESCRIPTION OF PROJECT AREA

a. Location, ~ Nookagee Lake is located on Phillips Brook in the Towms of
Westminster and Ashburnham, Massachusetts., Phillips Brook has its source

in Winnekeag Lake in the Towm of Ashburnham and flows in a generally south-
ward direction for eight miles to its confluence with the North Nashua River,
The dam site is about 3.1 miles above the confluence with the North Nashua
and the lake extends upstream about 1.4 miles., The dam controls a drainage
area of 10.8 square miles. The project site is about & miles north of West-
minster, 3.6 miles northwest of Fitchburg and 7 miles east of Gardner,
-Massachusetts.

b. Climate, - The mean annual temperature in the project area is sbout 48°F
with temperature extremes ranging from slightly over 1009F to around ~20°F,
The average annual precipitation is about 42 inches at Fitchburg and is dis-
tributed quite uniformly throughout the year. The annual snowfall averages
about 63 inches. The climate is variable as the North Nashua River watershed
lies in the path of the prevailing "westerlies" which produce frequent weather

changes.



c. Topography. - The project is located in the central upland of Massachusetts,

a region of low to moderate relief underlain by crystalline rocks., Although
considerably modified by glaciation, the topography is fairly subdued and
regular. long, broadcrested ridges rise in falrly smooth but generally steep
slopes above wide valleys which are constricted locally by extensive glacial
outwash and till, The till forms a generally thin blanket on the hills and
ridges and thick deposits in the valleys, Overlying the till in the valleys
are outwash features counsisting of rough, irregular, knobby terraces along
the valley sides and flat plains in the valley bottoms.

The project site is & mix of forest, cropland snd pasture and is raral -
in character. Mixed hardwoods, white pine and red ocak predominate with little
wetland within. the project area.

d. Ecological Resources. = Falr to good habitat exists within the project
area for wildlife species such as white~tailed deer, ruffed grouse, woodcock,
snowshoe hare, gray squirrel and ring-necked pheasant, the latter being
stocked. A variety of non-game animals and birds are also present in the
area,

Phillips Brook is stocked annually with brook and browm trout and is
one of the best trout streams in the region. There are many pools and
riffles in the brook and considerable tree cover which helps maintain cool
water temperatures. Water quality is excellent and good access within the
project area attrlbutes to angler use of this resource.

e. Accessibility., - Nookagee Lake is readily accessible to more than 840,000
Massachusetts residents and 140,000 New Hampshire residents who live within
about one hour's drive (40O miles) of the project. Massachusetts Route 12
passes through the project area while Route 2, a limited access divided
highwey, is the mejor road west from Metropolitan Boston and east from
Interstate Route gl, Several other state highways and secondary roads also
serve the project area.

f. Eanvironmental Resources. - Nockagee Lake lies in a typical New England
rural setting characterized by rolling hills, woods, flowing water and .
sparse population., There is little urbanization in the immediate ares and
the availability of project lands and water for public use will be g sig-
nificant asset to the region. In addition to the scenic aspects of the

area there is a good fishery, unspoiled woodland and abundant wildlife.

g. Hydrological Considerations. = The plan of operation for Nookagee Lake
consists of filling the reservoir to elevation 816 feet above mean sea
level by the end of the spring snowmelt season in March or April. In an
gverage year the reservoir will be drawn down during the months of July
and August to elevation 802 for the purpose of improving the water guality
downstream by augmenting the flow in Phillips Brook. During September and
October the water quality releases will be teminated at Nookagee and the
downstream needs will be met by the water gquality releases from nearby
Whitmanville Lake. The drawdown at Nookagee based on the probability of a

\?J



dry season every five years could be 18 feet, to elevation 798, and in one
year out of 10 the drawdown could be 25 feet, to elevation 79l, From Lebor
Day to April the pool will be refilled as rapidly as possible while main- .
taining minimum flew in the stream or in case of flood operations drawm dm
to elevation 816 by the end of April, as soon as possible, -

h., Water Quality. - There is a serious pollution problem in the North .
Nashua River from the mouth of the Whitman River in Fitchburg to the confluence
of the North and South Branches of the Nashua River in Lancaster. Industrial
and domestic discharges far exceed the assimilstive capacity of the stream.

As a result the water quality is poor, and obnoxious and nuisance conditions
exiat. The tributery flows upsiream of the wasie discharges are generally

of excellent quality, however, and augmentation to improve water quality
downstream would be of major econtmic significance to the entire regi.on.

: Future waste loadings downstream of Nookagee Lake will be reduced by
a higher degree of treatment, but it can eventually be expected that treated
residual waste loadings will increase with time due to industrial and popu-
lation growth. Low flow augmentation from Nookagee will help maintain _
desired BOD and DO levels, provide dilution for non-degradable pollutants,
increase stream velocities to inhibit obnoxious aquatic growth, create higher
water levels for improved aesthetic and recreation enjoyment, and have a
stabilizing influence for all downsiream reaches regardless of loaxiing '
onditians.

ITI. YROJECT DATA

The following table illustrates the pertinent elevations, areas and
capacities of the various pools to be held behind Nockagee Dgm, .

Elevations . Area Capa.city Inches on
(Ft.,msl) {Acres) (Acre Feet) Drainage Area
Conservation Pool . 790.0 .50 700 . 1.2
Water Quality Pool 816.0 190 3000 5.2
Flood Control Pool 835.0 316 k700 8.2
Spillway Crest - 835.0 - 316 8400 1.6
Maximm Surcharge 81,7

The 1imited recreation pool will fluctuate between eleva.tion 816.0 and eleva-
tion 790.0. . .

The average depth of Nookagee lLake at elevation §16.0 will be about 30
feet, The water surface will average about 1000 feet across and 7000 feet
in length with & shoreline of about 4 miles. The aversge end of month
elevations and areas of the recreation pool from April through October are



shown in the following table:

Month Blevation Ares,
April 816 © 190
May 816 190
June 816 190
July 810 150
August 8oz 100
September 802 100
October 802 - : 100

IV. RECREATION MARKET AREA

a. Origin of Use. Since non-Federal interests have decided not to partic=-
ipate in recreational development at Nookagee, only minimal facilities will
be provided, and these will be primerily for fisherman access. It is expected
that approximately 80% of the day use will originate from within 20 miles
of the project, mainly from local communities such as Fitchburg, Gardner,
and Leominster., These three communities are the principal population centers
in the immediate vicinity of the project, about 10 miles, and have a com-
bined population of nearly 100,000. It is estimated that close to 1,000,000
people reside within an hour's drive of Nookagee Lake.

b. Socio-economic Characteristics., - Wholesale and retaill trade in addition
to industry, primarily the manufacture of fabricated metal products, paper,
and wood products, furniture and machinery, account for over 80% of -the
employment in the project area. Two out of three people are engaged in
some form of manufacturing.

Based on past and anticipated future trends, the population within the:
immediate zone of influence of Nookagee Lake is expected to increase about
12% by 1990 and asbout 30% by 2020. Most of this growth is anticipated to
take place in the smeller towns and suburban communities and in Leominster.

Today, people have more leisure time than ever before and with improved
transportation, higher incomes and in some cases shorter work weeks, have
more time available for recreational pursuits. In the Nookagee area, there
is a need for more public recreation opportunities, especially those which
are water oriented, Many of the exiating lakes and ponds are used for
domestic and industrial water supply purposes and are not available for
public recrestion. Nookagee Lake offers the potential for an additional
water resources development primarily suited to fishing and some boating.

¢. Existing Recreation Areas, - There are three State Forests, one State
Reservation and one Corps of Engineers Flood Control Reservoir within 20
miles of Nookagee L.ake. Willard Brook State Forest in Ashby and Otter River
State Forest in Winchendon offer both camping and bathing in addition to
picnic facilities as does the Lake Denison Recreation Area at Birch Hill
Dam. Leominster State Forest in Leominster offers facilities for bathing




and picnicking and Wachusett Mountain State Reservation in Princeton has
picnic facilities. Most of the land at Bireh Hill Dam, including Lake Denison,
is leased to the Massachusetts Department of Natural Resources for conservation
and management in conjunction with the adjacent Otter River State Forest.

d. Recreation Demand and Project Capability. - With an increasing population
snd more leisure time there is an ever growlng need for more public recreation
opportunities and Nookagee Lake can meet part of that need. Since non-Federal
interests have decided not to participate in any recreational development at
this project, only minimal facilities will be provided. Fishing opportunities
will be improved considerably and some recreational boating will be made
available in addition to other forms of recreation which require no formal.
facilities, It is expected that this project will meet anticlpated recreation
needs on & limited basis.

V. ANTICIPATED PUBLIC USE

a. Recreation Attendance, - Recreational use of Nooksgee Lake is expected to
consist primarily of fishing due to the fact that only minimal facilities are
planned. Some incidental hunting, hiking and boating may take place, but
fishing is estimated to account for about 95% of the annual public use,. The
population of the area within a 20 mile zone of the project is sbout 250,000
people, The average annual attendance at Nookagee Lake from these market
area residents is projected to be about 14,000, Visitation is expected to
remain relatively stable unless additional recreation facilities are provided
in the future.

b. Land Acqplsltlon. - The Buresu of Sport Fisheries and Wildlife in their
report of 1l May 1072, which is designated as Appendix A, has recommended
that public access to the two mile segment of Phillips Brook below Rookagee
Dam be guaranteed in the future by either land acquisition or easements in
order to realize maximum recreational fishing bemefits. This will mitigate
the loss of the 1 3/k miles of stream fishing to be inundated by the lake.
Trout fishing benefits from flow augmentation cannot be assured without
public access and therefore it is considered desirable and essential to
acquire easements or ownership of a strip about 100 feet wide along the
banks of Phillips Brook for about 1.5 miles below the proposed dam for fishery
enhancement purposes,

VI. PLAN OF DEVELOPMENT

a. Suitability for Recreation Use. -~ Nookagee Lake will not be particularly
‘well suited for general day use recreation activities due to the fluctuating
water level in the summer caused by the water quality releases. However,
there is good potential for both warm and cold water fishing and the demand
for better public fishing opportunities, particularly cold water (trout), is
high. Good access to the area will be provided by the relocated Route 12
and several local roads. :




b. Proposed Recreation Development, - During reformulation of the Nookagee
‘and Whitmanville projects it was decided that Whitmanville Lake was a more
suitable site for extensive recreation development since it offered a stable
pool, a better shoreline and more adequate land for development. I{ has
therefore, been agreed by OCE, NED, Buresu of Sport Fisheries and Wildlife,
and the Commonwealth of Massachusetts that only minimal recreation facilities
be provided at Nookagee Lake. It was further agreed by all parties that the
facilities should be primarily oriented to fishing. The Commonwealth of
Massechusetts has indicated that due to financial considerations and pool
drawdown they do not wish to participate in any extensive development and
consequently recommend the minimal facilities.

Recreation development will be limited to boat launching ramps and
parking at three locations where local roads enter the reservoir area., Fred
Smith Road will be the masjor access ares since a boat ramp can serve all
pool stages and enough suitable land is available for parking to accommodate
4O to 50 cars. Minimum sanitary facilities and a turnaround will also be
located here. Adequate access from Dean Hill Road will serve a boat ramp
at the upper end of the project during periods when the pool elevation is
reasonably high (above 810 feet msl). 'No other facilities except parking
for about 20 cars will be provided here since this area will receive signi-
ficant use only during the early spring when fishing pressure is heavy.

The third access point at Bean Porridge Hill Road is on an unimproved and
1lightly used road and is not expected to be a particularly desirable or
accessible access area. Parking for up to 10 cars will, however, be provided
“here. Since these latter two sites provide less favorable conditions for
development their usage will not be emphasized and facilities will consist
of only limited informal parking, and turnarounds where necessary.

A scenic overlook ares will be provided on relocated Route 12 east of
Nookegee Dam. Adequate parking for about 15 cars and possibly several
picnic tables will be available for the visiting publlc. Sanitary facilities
will not be prov1ded at the overlook area. : :

¢, Fish and Wildlife Conservation. - Phillips Brook is stocked annually with
brook and brown trout by the Massachusetis Division of Fisheries and Game

on a "put and teke" basis. Nookagee Dam will inundate about 1 3/U miles of
trout stream and create a minimum pool of about 100 acres in an average

year. It is expected that a cold and warm water fishery will be estahlished
with largemouth bass, yellow perch, pickerel, and bullhead providing the

bulk of the warm water fishing and brook trout the cold water fishing.

With flow augmentation downstreart of the dam in July and August the
" trout season will be extended by about two months and fishing will be con-.
siderably improved. However, the Bureau of Sport Fisheries and Wildlife.
has advised that fishary benefits due to flow augmentation will occur only-
~ if public access is assured. Therefore, it is planned to acquire either
easement or ownership for about 1.5 miles, of a 100 foot wide strip along

N’



Phillips Brook for public access. The 1.5 mile reach of stream below the .
dem is bordered by relatively undeveloped land containing four heames, The
extent of access will be approximately 100 feet wide, including the brook,
with the land varying between 20 to 4O feet each side of the stresm banks,
Present plans do not include taking easements or land from any of the four
existing improved properties. The acquisition of easement or ownership
will mitigate the loss of about 1 3/h miles of trout stream to be inundated.
by the project. Route 12 runs close to Phillips Brook in many places and
small off-road parking areas could easily be deveioped once access to the
brook is insured.

The reservoir area provides fair to good habitat for white-tailed deer,
ruffed grouse, woodcock, snowshoe hare, gray squirrel and ring necked pheas-
ant, which asre stocked. Many other non-game animals and birds are found in
the area, However, Nookagee reservoir will cause the loss of about 220 acres
of wildlife habitat while at the same time creating some waterfowl nesting
habitat smounting to about 45 acres. Standing timber will be left in this
45 acre aree in the upper end of the reservoir to provide nesting sites and
cover for waterfowl, as recommended by the U.S., Fish and Wildlife Service.

VII. COORDINATION WITH OTHER AGENCIES

While developing a plan for the recreational use of Nookagee Lake, the
following Federsl, State and local agencies and interests were consulted
and some of them offered suggestions, assistance, recommendations and
comments concerning the conservation, fish and wildlife and water quality
aspects of the project as well as the recreation potential,

Bureau of Sport Fisgheries and Wildlife
Messachusetts Department of Natural Resources
Massachusetts Division of Fisheries and Game
Massachusetts Department of Public Health

. Environmental Protection Agency
Nashua River Watershed Association
Montachusetts Regional Planning Commission
Neshua River Reservoir Company
City of Flitchburg
Towm of Westminster
Town of Ashburnham

VIII. MANAGEMENT AND COST SHARING

The entire Nookagee Lake project area will be operated and maintained
by the Corps of Engineers, including the minimal recreation facilities.
Flood control and water quality discharges will be regulated by the Corps
and coordinated with releases from Whitmanville Lake, Permanent Corps
personnel will be assigned to this project.



Development of recreational facilities will be financed entirely by the
Federal Govermment, There will be no cost sharing at this project due to
the lack of non-Federal participation and project reformulation resulting
in the provision of only minimal recreation facilities.

IX, ENVIRONMENTAL QUALITY

Extensive measures will be undertaken to preserve the envirommental
integrity of Nookagee Lake before, during and after project construction.
Landscape architectural plans and procedures for controlling various forms
of wgter, air and noise pollution have been developed as a result of environ-
mental concern,

Architectural design of facilities and structures will be based on a
consideration of the rural environment. Several principles will be applied
during project design to insure that adeguate land is acquired for all
project needs; that complete site plans for the entire project including
temporary construction facilities are included in the final design; that
~ plans for the protection and preservation of existing natural assets including
vegetation and land forms are considered; and that plans for the use of
plant material for landscaping and other sesthetic purposes are developed.

Development features will be designed to blend with existing site
characteristics, so that structures, walks, roads, trails, parking areas
and other elements are compatible with the natural environment.

Special precautions will be taken during construction to avoid soil-
erosion by preventing unnecessary destruction of stabilizing vegetation, -
controlling surface runoff and providing settling basins to remove silt
from water before it is discharged into the stream.

Dust control, especially in dry weather, will be accomplished by making
use of water and dust palliatives during project construction.

Clearing and stripping will be kept to the minimum necessary with burning
of cleared material not allowed. Trees will be cut into sawlogs and smaller
material processed by woodchippers. Stripping of organic surface soil will
be carefully done to avoid erosion. Most of the area to be inundated (150
acres) will be stripped of organic material to protect water gquality.

Sequential borrow operations are planned to avoid exposure of excavated
earth surfaces to water erosion. Limited areas will be cleared, stripped,
excavated, graded and revegetated in & series pattern instead of waiting
until all borrow operations are complete before stabilizing the surface of
the area.



Careful consideration will also be given to measures necessary to pre-
vent possible pollution from concrete spillage, concrete ‘curing water, oil
and fuel splillage as well az excessive noise from construction equipment.
Contractor storage and equipment maintenance aress will be designated by
the government with controlled grading and drainage. Strict sanitation
measures will be enforced concerning proper sewage disposal from persommel
sanitery facilities constructed by the contractor,

X. COST ESTIMATES

There are no separable lands or operation, maintenance and replacement
costs for recreation development at Nookagee Lake, The estimated cost
(a1l Federal) of recreation development and facilities is $15,000 imcluding
contingencies but not including E&D and S&A.

Access Area, Facilities Cost -
Fred Smith Road Parking (4O cars) $7,000
* Turnaround 1,000
Boat Ramp (Road 2,000

Tmprovement)
Dean Hill Road Parking (20 cars) 2,000
Boat Ramp (Road 1,000

Improvement)
Bean Porridge Hill Road Parking (10 cars) 1,000
Boat Ramp (Road 1,000

Improvement)
Construction Cost $15,000
3,000

EXD and S&A
Total Cost $18,000
Portable, rented chemical toilets will be made available as necessary
to insure adequate sanitary facilities. Annual rental cests are expected
to be about $150 each. ,

XTI, RECREATION EEREFITS

Average annual recreation benefits at Nookagee Leke are estimated at
approximately $35,000, of which fiashing accounts for nearly $34,000.

Activity User Days Unit Value Benefits
Cold Water Fishing 2,000 $4.,00 $ 8,000
Loss of Existing Cold Water Fishing ~2,000 4,00 -8,000
Warm Water Fishing 11,300 3.00 33,900
Small Geme Hunting 100 2,00 200
Other General Recreation 600 1.50 900
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APPENDIX C

LETTERS OF COMMENT AND CONCURRENCE
NOOKAGEE LAKE

'NORTH NASHUA RIVER BASIN, MASSACHUSETTS

 CONTENTS
o Agencz
Federal Power Commission

U.S. Department of Transportation
Federal Highway Administration

Environmental Protection Agency
Environmental Protection Agency
Massachusetts Water Resources Commission

Governor, COmmonweélth of Massachusettis

 Massachusetts Water Resources Commission

New England Regional Commission
New England River Basins Comhission

City of Fitchburg, Massachusetts

‘Town of Westminster, Massachusetts

(Comments & Corps' Response)

Letter Dated

30 Jan 196u
19 Avg 1971

3 Aug 1971
13 Oct 1972
2 Dec 1965
23 July 197
28 Jan 1972
30 Aug 1971f
26 July 1971
25 Nov 1969

1 May 1972



FEDERAL POWER COMMISSION
REGIONAL OFFICE

346 BROADWAY.

New vork zar new vorr 10013

January 30,‘ 1964

Division Engineer

U. S. Ammy Engineer Division, New England
L2l; Trapelo Road

Walthem, Massachusetts

Subject: Proposed Reservoir Projects,
North Nashua River Basin

Dear Sir:

Reference is made to your letter of Octeber 18, 1963, requesting
our comments on the hydroelectric power potentialities of six pro- :
posed resexrvoir projects located on the North Nashua and Baker Brook
tributaries of the Merrimack River.

. A review of the pertinent project data furnished with your
letter indicatea that only & relatively small amount of hydro power
could be developed at any of the propesed projects (less than 100 kw)
This is due largely to the limited run-off provided by the small
tributary drainage areas involved, which range from 1.7 to 17. 5
square miles.

It is concluded, therefore, that none of the six proposed :
reservoir projects are adapted to the practicable and economie develop-
me_nt of hydreelectric power in conjunction with other project purposes.

Sincerely yours,

LU

| Wait
al Engineer

EXHIBIT C-1



U.S. DEPARTMENT OF TRANSPORTATION
- FEPERAL HIGHWAY ADMINISTRATION
REGION ONE

612 J,F,K, FEDERAL BUILDING
"~ BOSTON, MASSACHUSETTS 02203

Whitmaﬁville.and'Nookegee Lake Projects

~ August 19, 1971

Colonel Frank P, Bane
‘Corps- of Engineers
424 Trapelo Road.
‘Waltham, Massachusetts

Dear Colonezl Baﬁe‘

Receipt is acknowledged of your letter dated July 2, 1971
régarding the status of the Whitmanville and Nookagee Lake projects.

There is a Federal-aid route in the area that will be
affected By the proposed projects, Under the Federal-State relae-
tionships all work is initated by the State Highway Departments,
The State of Massachusetts' Department of Public Works, has the -
responsibility of the design, construction and maintenance of
Federal-aid routes. :

We underStand that the Corps has had preliminary contact
with the State regarding the relocation of several routes in the

projeet area, We do not have ony comments at this time but probably . -

‘will as more detalls are developed,

If during the development of the detalled plans, we can be
of help, do not hesitate to contact our office,

The opportunity of expressing our comments at this time is
appreclated,

Very truly yours,

}A. .5-! C»u fouts Goney

H, Pearlman .
Division Bridge Engineer

EXHIBIT C-2
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UNITED STATES GOVERNMENT -

ENVIRONMENTAL PROTECTEON "AGENCY

- REGION | :
-NEW ENGLAND BASINS OFFICE
o 240 HIGHLAND AVENUE
NEEDHAM HEIGHTS, MASSACHUSETTS 02194

August 3, 1971

Mr. John Wm. Leslie

Chief, Engineering Division
New England Division

Corps of Engineers

424 Trapelo Road |

Waltham, Massachusetts 02154

Dear Mr. Leslie:

I have your letter of July 2, 1971 describing changes in the design
of the proposed Whitmanville and Nookagee reservoir projects in the
North Nashua River Basin, Massachusetts., The changes involve the
deletion of water supply storage from both sites, the inclusion of
3,800 acre feet of storage for low flow augmentation for water qual-
ity (3,000 acre feet of which would be at the Nookagee site), and.
the transfer of the main recreational development from the Nookagee
site to the Whitmanville site.

The proposal, as outlined, is consistent with the recommendations
contained in our report, 'Water Quality Control Study, North Nashua
River Basin," dated April, 1968, and our letter of October 31, 1969.

It should be noted that the river flow wvalues contained in the above
letter are total river flows. Maintenance of this regime will require
coordinated releases from existing reservoirs owned and operated by
local interests as well as from the Nookagee and Whitmanville projects.
Firm assurance that the existing reservoirs will be operated in an
appropriate fashion is essential if the water quality benefits from
the Federal reservoir projects are to be realized. .

- FOR THE REGIONAL ADMINISTRATOR:

Sincerely yours,

St Hes—

Chief of Planning

EXHIBIT C-3



" ENVIRONMENTAL PROTECTION AGENCY

L2k Trapelo Road Bldg. 138 West - -
Weltham, Massachusetts 0215k : .

October 13, 1972

Mr. John Wm. Leslie

Chief, Engineering Division
Corps of Engineers

424 Trapelo Road

Waltham, Massachusetts 02154

Dear Mr. Leslie: . _ -'E

Reference 1s made to our letter of August 21, 1972 relative to the
design memorandum for Nookagee Reservoir, streamflow requirements for
the Nashua River Basin, a pending flow agreement and EPA policy modifica- N
tiong which would effect the quantity of desirable flow releases from the . Do
proposed projects. The purpose of this letter 1s to apprise you of the '
status of the above factors and to provide you with information for
planning purposes.,

The agreement between EPA, Weyerhaeuser Company, Nashua River Reservoir o
Company and the City of Fitchburg to provide a continuous flow of 12 cfs Co
‘meagured at the Arden Mill Dam has been consummated. A streamflow gaging
station is being established at this location by the U.S. Geological Survey
in cooperation with the Nashua River Program and the Massachusetts Division
of Water Resources to monitor streamflows.

As you recognize several key varilables determine the quantity of L
streanflow required for water quality control in the Nashua River Basin. - i
The provisions of the pending Federal Water Polilution Control Act, pending ;
modifications in the EPA policy regarding streamflow for water quality
control and future paper production levels constitute important considerations.

Qur best judgement at this time is that the following total river flow
(measured at the Leominster Gage) would be necessary to achieve dissolved
oxygen standards in the river and maintain an adequate envirommental stream-
flow: 43 cfs in May and 0ctober° 46 cfs in June and September and 52 cfs

in July and August.

As the above.variables are further clarified we will consult with
members of your staff. We look forward to working with you as the project
design progresses. : :

FOR THE REGIONAL ADMINSTRATOR:
Sincerely yours,

WS Yoo

‘Walter M. Newman
Chief _ i
Water Quality Branch e

EXHIBIT C-4



COMMENTS OF THE COMMONWEALTH OF MASSACHUSETTS

15 ScHooL STREET. BOSTON 02108

OFFICE OF THE DIRECTOR

Decewmber 2, 1965

William F. Cassidy RE: North Nashua River ProJect
Lieutenant General, USA in Massachusetts.

Chief of Engineers

Department of the Army ENGCY-PD

Washington, D.C. 20315
Dear Sir:

: The Commonwealth of Massachusetts is vitally interested
in the multi-purpose development proposed by the New England
Division, Corps of Engineers, on the North Nashua River in the
vicinity of Fitchburg and Leominster, Magsachusetts.

The Commission points out that the area is badly in
need of flood control, additional industrial water supply, and
recreational water. This ares has been critically short of -
water during the current drought and it is evilent that, even
with increased public water supplies which may be provided in the
next few years, all possible sources of water for industry and
recreation should be developed as soon as possible.

This Commission will support any State legislation
‘necessary to carry out the local requirement of the project.

It is urged that the North Nashua River Progect be
authorized at the earllest ooselble date. :

Very truly yours,

Mw@yfﬂg/

Malcolm E. Graf .
- Director and Chief Eng;neer

mEc/m S
| : EXHIBIT C-5



THE COMMONWEALTH OF MASSACHUSETTS
EXECUTIVE DEPARTMENT
STATE HOUSE, BOSTON 02133

July 23, 1971 .

FRANCIS W. SARGENT
GOVERHOR

Colonel Frank P. Bane

U. S. Army Corps of Engineers
424 Trapelo Road .
Waltham, Massachusetts 02154

Dear Colonel Bane:

Thank you for your status report on the North
Nashua project. I enthusiastically support your ef-
forts to obtain a significant water based recreation
‘area at Whitmanville which will help serve the Gard-
ner~-Fitchburg~Leoninster area.

I was pleased to read in the Environmental Guide-
lines for the Ciwvil Works Program of the Corps of
Engineers that under "planning (f)," if a measure
has "a detrimental net effect on the environment, the
Corps will seek means for modifying it to ameliorate
its environmmental effects.” This policy assumes im-
portance at the Nookagee Site, because "drawdowns
over five feet are considered excessive and detri-
mental to recreation by exposing large, unsightly
areas along the shoreline," and I have been informed
that the estimated average annual drawdown here will
be fourteen feet,

Though this project will be used primarily for

flow augmentation, steps should be taken to prevent

. esthetic deterioration of the site. Your environ-
mental statement acknowledged this potential problem,
and discussed the possibility of exploring measures
to alleviate "odor and visual problems." I recommend
that great attention be given to this in the final
design, construction and operation of the Nookagee
Reservoir. Acguisition and enhancement of buffer
areas and alteration of the pool bottom should also
be considered.

EXHIBIT C-6



Colonel Frank P, Bane 2 July 23, 1971

our Department of Natural Resources informs me
that there is a need for flow augmentation to help
meet water guaiity standards in the North Branch of
‘the Nashua River. They recommend that, in order that
flows released for this purpose do not merely become
a new source of process water for industrial use,
the Corps of Engineers should insure that the feder-
ally augmented flows pass down the Nashua free from
withdrawal uses in the critical areas. This might
be accomplished by a guarantee of the maintenance
of specific minimum instantaneous flows in the natural
river channel.

I assure you that my office and the Department
of Natural Resources will cooperate in your efforts
to enhance and preserve the environmental quallty of

these areas.
<\T:em LQ

With best W1shes,



TRA-5.63 FATESH

THE COMMGNWEALTH OF MASSACHUSETTS
WATER RESOURCES COMMISSION

. STATE OFFICE BUILDING, [BOVERNMENT DENTER

10C CAMBRIDBE STREET, Boston Q2202
" OFFICE OF THE DIRECTOR -

DIVIBION OF WATER '

POLLUTION CONTROL

Jarmuary 28, 1972

Mr, Joim 3, Melleanon . Re: Low Flow Augmentation

Regional Administrator North Nashua River

Enyivnomental Protection Agenhey
Je ¥, Eennedy Federal Building
Boston, Yassachusstts 02203

Dear !, :Iculezmon-

Nooka The propogad v
for flmw augwentat"

24 thath your agency no longer en-
ntation in thess two reservoirs.

of water quallity control may not be provided as a sub~-
stitute~Ferddequate treatment or other methods of controlling wasts avb
the souvce {Section 3 {(b){(1l) of Public Law 87-88)}. I ccnsider that the
term "adequate traatment™ is more then being met by the proposed design
of the two, $30 M Fitchburg trvatment facllities which will afford a
vary high degree of treatment utilizing the mwst modern techmology availe
able. Studiss indicate that, even wilth this high degree of treatment the
State Water Quality Standards will not be met, thexcby justifying ‘t.he i
clus;:.on of storags for flow augmentation on this basis alone. .

EXHIBIT



¥r. Jobn S. McGlermon : _ ; : \._/
Jamuary 28, 1972 C . ' '
Paze 2 . - L

S

Besiclie requiring supplemental flows to meet the asaigned Water
‘Quality Standards, #dditional ‘Tlow in “the North Nashua ‘River will also
- ‘enhance the recreational and fisheries resources inherent in thia atream
as well as the acsthetics of the basin,

I sincerely request you to give careful consideration to the above
before you reach any decision relative to the elimination of storage in
-the two proposed Corps reservoirs., I would be happy to bave members of |

my ataff meet with their counterparts in your agency to study thia matter
in depth. ‘

Very tfuly yours,

" Thomas ¢. McMahon |
Director

TCHM/WAS/ 1w
ec: Chief, Engineering Da.vision, Corps of Eng:l.neers, 428 'I'rapelo Road,
Waltham, Massachusetts 0215)4



NEW ENGLAND REGIONAL COMMISSION
- 56 COURT STREET
BOSTON, MASSACHUSETTS 02108

Bugust 30, 1971

Mr. John W. Leslie, Chief
Engineering Division

Corps of Engineers

424 Trapelo Road

‘Waltham, Massachusetts

Dear Mr. Leslie:

Thank you for your letter dated August ll, 1971 advising

the Commission of the current status of the Whitmanville and
Nookagee Lake projects to be located in Westminster and
Ashburnham, Massachusetts.

As you know, the Commission. is ép_o-nsoring and funding the
Nashua River Program {a demonstration in water quality
management) and has set up an office in Fitchburg, Massa-"

" chusetts. 8ince both of these projects deal with the Nashua

River Basin, I have asked John' Bellizia, Project Director for
the Nashua River Program, to comment on them.

Attached is a copy of his letter of August 19, 1971. The Com-
mission concurs with Mr. Bellizia's comments. '

Sincefely .

Brhaud £, Wheg b |

Richard E. Wright
Executive Director

Attachment
EXHIBIT C-8
sheet 1



NASHUA RIVER PROGRAM
768 SUMMER STREET — ROOM 117
FITCHBURG, MASSA'CH.USETTS 01420

— _ \ J
TELEPHONE: 34%.1104 . .

19 August 1971

Mr. John W. Leslie

Chief, Engineering Division
Corps of Engineers

424 Trapelo Road

Waltham, Massachusetts 02154

Dear Mr. Leslie:

This office is in receipt of your communication of
11 August 1971, regardlng the Whitmanville and Nookagee
Lake PrOJects.‘

‘ In connection with the revitalization of the Nashua
River, low flow augmentation will be necessary, even after.
the wastewater treatment works now being designed are
constructed. There is no doubt in my mind that public
opinion will demand that water quality in the North Nashua
River exceed the stream classification standards presently
assigned by the Massachusetts Division of Water Pollution
Control.

The proposed water storage facilities at Whitmanville:
and Nookagee will provide water for low flow augmentation.
As you have stated, the drawdown at Nookagee will be such
as to interfere wlth recreatiocnal - development at the site.
In my opinion, consgideration should be given to creation of
a small 1mpoundment of water below the proposed Nookagee
spillway, using the water released for low flow augmentation
to create a flow-through bathing and swimming pool.

We agree with your office on the need for the Whitman-
ville and Nockagee projects insofar as water quality in
the Nashua River is concerned and urge that the necessary
works be installed as soon as possible.

Sincerely,

j1V4QPVxC1£ }(ZLélélzazr»e~—f

[John A. Bellizia . | \_ﬂ
EXHIBIT C-8
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A Demonstration in Water Quality Management




NEW ENGLAND RIVER BASINS COMMISSION

55 COURT STREET - BOSTON, MASSACHUSETTS 02108
' PHONE: (617). 223-6244

NERBC | o July 26, 1971

"Mr. John Wm. Leslie, Chief
Engineering Section

Corps of Engineers

424 Trapelo Road

Waltham, Mass. 02154

Dear Mr. Leslie:

_ Reference is made to your letter of July 2, 1971, ‘requesting comments
_on a revised plan for the proposed Witmanville and Nookagee resevoirs on
'the North Nashua River Multi purpose project.

Iam p}.eased to say that after examing the site plans and your o
letter, you have come forth with a sensible solution to the problem created
“when the city of Fitchburg and the Industry declined to participate in the
- water supply features of the original plan. '

In so far as EPA. through its predecessor FWQA has requested low
flow augmentation for water quality control, I would expect that this
portion of the project would be paid through Federal Funding. If not, then
we would have to explore the possibility of state participation. In any event
should low flow augmentation be dropped from the project for any reason,

- such as high quality treatment plant d1scharges, it would be most desireable
to provide the flows for the main stream where releases of only 12 million
gallon per week are required, equal to 1.1 c.f.s., by the enabling legisla-
tion for the Wachusett Resevon' which has a tributary area of about 118
‘square mlles

: I smcerely hope that your new real estate acquxtlon requtrements do
not’ put this worth while prOJect out of reach on the beneﬁt cost ration side
of the picture.

Thank you for this opportumty to comment on this project.

' ‘ : Smcerely yours,
MG:bor - o L f/..el!vt}/(/wug

Malcolm Graf

EXHTBIT C-9
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OFFICE OF THE MA/0R

 FITGHBURG, MASSAGHUSE‘I‘TS 7 ruomas 4. conmy, Jn.
01420 L . L ADMINISTRATIVE ASSISTANT
- WILLIAM G. FLYNN } _ ' o . MRS. NANCY A. MAYNARD.

 MAYOR . IIVC‘RITARY‘

November 25, 1969

 Senator Edward Kennedy
-~ Senate Office Bullding
" . Washington, D. c.

Dear Senafor Kennedy

During your recanf vfslf fo fhe Fifchburg araa to lnspecf
the pollution of the Nashua River, you asked thqt | write
to you relative to the need to Include sufficient water
storage capacity for low flow augmentation of the Nashua
River .as part of the Army Corps of Enginears North Nashua
River Flood Confrol Projecf. .

It is my understanding that the Corps of Englneers is ‘pre=-
pared to.begin the design phase of the project pending.
allocation of design funds. However, since this project
(by city choice) wiil not ‘include domestic water supply,
i1 appears that it might have lost a priority raflng.

The whlfmanville, Nookagee, ‘and Monoosnoc'Dams are vitaliy:
needed as flood control measures for the North Nashua River,
and inclusion of sufficlient storage capacity fto assure wafer
for low flow periods Is critical tTo tThe effecflveness of .the’
entire polIuTlon abafemenf program,

i would suggest that for more defailed Informa?lon on +his
- project your. offlce confacf-

Colonel Frank P. Bane, Division Engineer
New England Division

Army Corps of Englneers

424 Trapelo Road -

Waltham, Massachusetts 02154

~ EXHIBIT €10



November 25, 1969
Sena?or Edward Kennedy
Page 2 .

Your continued Inferes+ and strongest Intercessions are
important for +he success of. the Nashus Rlver CIean-Up
Program,

‘With every good wigsh, | rehaln
Very +ruly yours

Wiltiam G, Flynn
Mayor ;

WGF/nm

cc: Alan E. Rimer -
George Lanides
Mari{an Stoddart




1 May 1972

Corps' Response to Comments from Board of
Selectmen, Town of Westminsgter, Mass.

Comment A ~ The dams would inundate 260 acres of land. Additional land.
would be taken for sluiceways, roads, and to provide fill.

Respouse - Comment 1s ‘basically correct.
Comment B -~ Sh families would lose their homes.

Response =~ Comment is basically correct.

Comment C ~ Land and buildings to be removed from the tax rolls have a'
current assessed valvation of $731,000. This would mean an increase of
$1.75 on the tax rate.

Response =~ The assessed valuation of property to be acqulred for the
project of $731,000 agrees very closely with the Corps' estimate. The
anxiety of local interests over loss of taxable land has been pursued

with the Water Resources Commission of the Commonwesalth of Massachusetts.
At a meeting with Westminster Town Officials, & representative of the
State pointed out that the Commonwealth reimburses some eight areas
“annually for loss of taxes resulting from Corps' projects. The
reimburgement is not automatici a special measure would have to be approved
by the State Leglslature.

Comment D - The project would destroy 8.25 miles of free-flowing stream.
- Fish spavning grounds would be ruined and the ecology. of woodlands
surrounding the dams would be severely altered.

Response ~ The Whitmanville and Nookagee Lake projects would replace 3/u.
and 1-3/4 miles of stream respectively with lakes of equivalent length.

The 8.25 miles cited in the comment is in error. The environmental impact -
of the Whitmanville and Nookagee Lake projects has been of concern to

this office; consequently, this office did hire a consultant with experiise
in this field t¢ assess both projects. The study was performed by

New England Research, Inc. of Worcester, Massachusetts and the report

has been made part of the Environmental Impact Statements (EIS). The

final EIS for Whitmanville is on file with the Council on Environmental
Quality and was released for public usage on 14 April 1972, The EIS for
the Nookagee Lake Project is presently being prepared, The report by

4

EXHIBIT C-11



the consultant factually assess both projects impact on terrestrial

and aquatic habitats. The "General Discussion and Summary"” as contained
in the report is inclosed, The detrimental effects of the projects
have been carefully weighed and although undesirable are considered
reasonable trade-offs for the benefits attained from the projects.

The 37 existing Corps of Engineers’ flood control reservoirs in New
England indicate there is little damage to woodlands surrounding the
reservoirs and are positive proof that there are minimal changes to

the ecology. _ : -

Comment E ~ The dams would not provide new lakes for recreatlon. The
‘nevw 1ake formed on the Phillips Brook would not be usable by the pdbllc
at all. Its water would be released during the summer, leaving 150
deres of foul-smellang mudflats.

Response - The Nookagee site, on Phillips Brook, will provide a body
of water with a surface area of 190 acres. The full pool will be
available from the beginning of April to the end of June. Frda the

end of June to Labor Day water will be released to improve the flows
end the quality of water in the North Nashua River. After ILabor Day
the stored water releases will be stopped and the lake will be refilled
as rapidly as possible while maintaining & minimum desired stream flow
in Phillips Brook. The rate of release of the impounded water and the
extent of drawdowns will be dependent upon the amount of precipitation.
and runoff in the basin, In extremely dry years (1 in 10 year frequency)
the drawdown would commence about the lst week of June. and by Labor
‘Day could result in an elevation drop of 26 feet and would expose
approximately 140 acres, Similarly the rainfall on an expected
frequency of 1 in 10 years is expected %o be such that no drawdowns
will occur and a full pool will be available all year long. Between
these two limits, the drawdowms for any one year would vary according
to the precipitation. Such releases during the period of June to
September will expose certain areas of impoundment bottom. The

exposed pool botiom areas are considered an undesirabvle environmental
effect, since it would be a more ideal situation if the pools could

be maintained constantly at & stable level, The pool bottom will be .
naturally sloped to allow good surface drainage, thus preventing-Water
from remaining on the surface.. In addition, the organic material
~overlying impoundment bottom areas subject to pool fluctuatlons w111
be removed exposing the underlylng gravel surface. The exposed gravel
surface will be considerably more pleasing aesthetically than the
organic overburden. ' The State's present policy of stocking the

brook is based uron .a "put-and-take" basis with little expected
liklihood that the fish will survive in the brook on a year-round
basis. The flow in the brook is usually reduced naturally during the



summer months such that the fish do not survive. The project when

completed will prevent such low flow condition and will supply, particularly
during the critical summer months, an abundant supply of high guality

water to support year-round fishing. The 190 acre lake will provide
excellent opportunities for fishing on a "put~and-take" basis since

- the - lake will always be full during the heaviest fighing pressure.

A minimum conservation pool is prov1ded to insure that the lake will

never be drawn dry.

_Comment F ~ Water would be released from the Whitmanville Reservoir
ag well, also leaving mudflats, The Army Corps of Engineers has
proposed recreation facilities here = built on the existing shoreline
of the reservoir., These facilities (whlch could be built without the
dam) would not be free. Cost of their maintenance would be deducted
from the Town "Cherry Sheet”. :

Response =« The existing Westminster Reservoir has a surface area,
wnen full, of 120 acres and a storage volume of 1,150 acre feet (1
acre -~ 1 foot deep). The paper industries, the present owners,
utilize this storage as process water. For the average year approximately
55% of the storage is utilized by Labor Day and approximately 60 acres
of impoundment bottom is expcosed. The drawdowns contihue after Labor
Day until the stream flows exceed the demands by the paper industry.
The excess water condition normally occurs during the spring snovmelt
season,  Drawdowns freguently expose. 80 to 90 acres of shoreline for
extended periods. The present owners do not permit public usage of

~ the lake. oo ’

The Whitmanville Dam is to be built at a point 3/ miles downstream
of the existing Westmingter Dam. The Corps' plan envisions retaining
the existing dam and to operate & two pool system. During the spring.
~and early summer months & combined pool surface of 196 acres will be
available for fishing. During the summer months the upper pool of
approximately 120 acres will be used as the primary recreation area
and the pool between the two dams as storage to meet industrial demands.
The upper pool, therefore, will remain a stable pool all summer long
and will be supplemented with excellent recreational facilities for
public use. Recreational uses will include fishing, boating, swimming,
picknicking, hiking, as well as other active pursuits. Exposure of -
the impoundment bottom, with the project, will occur primarily in the
lower pool during the summer months and may approach 4O acres by Labor
Day. By 1 November the exposed bottom area is expected to be 80 acres
and during serious droughts the area of exposure may exceed 80 acres.
At Whitmanville as well as Nookagee, the exposed bottoms are naturally
sloped such as to allow godd surface drainage and the organic material '
will be similarly removed.



Except for the recreational aspect, 100% of the cost for
-construction and operation of the two reservoirs would be borne by the
Federal Government. The separable first cost of adding recreational -
features would be shared equally between the Federal Government and
the Commonwealth. The State must also bear all costs of operation
. and maintenance of the recreational facilities. Based upon information
- furnished by the Massachusetis Department of Natural Resources, - E
all revenue obtained from recreation facilities in the State (outs1de
the Metropolitan District Park Commission) is placed in a special '
fund. Cost of operation, ma.intenance and improvements are taken from -
that_fUnd Any deficit that may occur, regardless of where the
facility is located, is shared by &ll 314 communities outside the
M.D.P.C, Consequently, any deficit in the cost of operating and
haintaining the recreational facilities at the Whitmanville Lake project
will be shared equitably by all the 31h commnnitles and not solely by
the community where a ‘project is located

Comment G - Water released from the dams would be used to dilute
sevage in Fitchburg and Leominster, Water treatment plants can do
the job at less cost. Westminster is being asked to give up land and
water to clean the water of downstream cities.

Response - Flow augmentetlon is not: a substztute for. adequate treatment
of poliution but is intended to encourage streamflow regulation for

the purpose of water quality control in concert with adequate treatment.
The Environmental Protection Agency and its predecessor agencies

" requested Tlow augmentation based upon vhat we consider sound reasoning.
The 1968 study of the North Nashua River by EPA's predecessor agency, ,
the Federal Water Pollution Control Administration, showed that

even with treatment plant efficiencies of 90%, there is a strong need
for .flow augmentation, The most up-to-date treatment processes known
have their limitations and cannot alone solve the river's. problem,

The design treatment process for the West Fitchburg waste-water
treatment plant was changed from an activated sludge process to a
physical-chemical process in hopes of obtaining a higher level of
purification. The process is considered an advanced facility utilizing
some of the best aveilable technology. A check of the test data
complied from the pilot plant investigations indicate that, even under
optimum operating conditions-aSSociated‘with such testing procedures,
the reduction of BOD varies from a high of 100 percent to a low of L7
~percent, The average of the test data was 86 percent BOD reduction. -

This is the key to understanding the need for: low flow augmentation.
in conjunction with waste-water treatment: a wastewater plant, no
matter what the degrée of sophistication employed in its design,
cannot be depended upon to run continuously at its peak design removal



capability. The great number of variables affecting the actual operation
of a treatment plant are such that it would be totally poor engineering
and basically unsound planning to base a water pollution abatement
program solely on the assumption that a treatment plant will operate

at maximum design capability at all times, or even most of the time.

Comment‘H ~ An independent environmental expert studying the project
has reported that the Corps of Engineers has greatly over-estimated
flood dangers. The dams are being built to protect against a flood

- twice as$ large as the largest flood in the history of the region.

Response =~ The views of the "independent environmental expert”,

- referred to in the Selectman's comment, are familiar to this office.
This office was requested by the Nashua River Watershed Association to
review the report prepared for them by the environmentaligt, The
énvironmentalist's assessment of the flood danger was found to be - -
unacceptable by existing criteria; as evident by subseguent paragraphs.

o Statisticall rocedures for determining flood discharge freguencies
are many and ied. Many of the methods provide nearly identical
results, whereds others are quite divergent. Because of the 1nconsistency
in methods usediby various Federal agencies, in 1966 a comparative study

was made of the:five most commonly used methods of flow frequency
analysis. The five individual methods considered were the Hazen Method,
Pearson Type III Method, Gumbel Method, Gamma Distribution Method and
Graphical D13tr1but10n~free Method, The study vwas made under the auspices
- of the Hydrology Interagency Committee on Water Resources and was made
on behalf of the following participating agencies: Agriculture Research
7 Service, Forest Service, Soil Conservation Service, Corps of Engineers,
Bureau of Public Roads, Weather Service, Bureau of Reclamation,
Geological Survey, Bureau of Mines, Bureau of Land lenagement, Public
Health Service, Federal Power Commission and the Tennessee Valley
Authority. The results of this study are reported in "Methods :of Flow
Frequency Analysis", Hydrologlc Activities Bulletin No. 13, April 1966,

Subsequent to the above study, the Water Resources Council, Hydrology
Committee, adopted the Pearson Type III Method and in December 1967 :
published Bulletin Ho. 15, entitled: "A Uniform Technique for Determining
Floodflow Frequencies”, In this Bulletin, the Council set forth the
procedure for use in all Federal planning involving water and related
land resources. Until another method is adopted, the New England
. Division must continue, as it has in the past, to use the Pearson Type
ITT Method, We consider this method to be the most accurate.

The two greatest floods of record on the Morth Nashua River at
Leoninster occurred in March 1936 and September 1938. The Pearson
Type IIT Method indicates these two floods to have recurrence intervals
of 80 and 30 years, respectively. Using the same flow records, the
environmental expert's Gamma Method indicates recurrence intervals of
about 1,500 and 80 years, respectively. Only history will prove-



which frequency is more correct. HOwever,.any method indicating
both 2 1,500 and 80 year event in only a 35-year period of record must
be consxdered questionable.

) Prior to 1954, the flood of record on the Blackstone River at

. Northbridge, Massachusetts was the March 1936 event. As on the North
Naghua River, the 1936 flood on the Blackstone River was much greater
than any other known event, the flow being two times greater than the
next largest flood, the September 1938. At that time, based: on the
_record, one might conclude that & flood as grest as the 1936 was
extremely rare,. However, in August 1955 the Blackstone River experienced
a flood flow two times greater than the 1936 flood

Another indlcator of the rarlty-of a flood is the freguency of
the meteorological event that produced the flood. The 1936 flood
resulted from about 6 inches of rain in 24 hours, the 1938 from 7.5
dinches in Eh hgurs. These are not infrequent storm events in the
New England areh. Weather Service data reveal these storms tb have '
freguencies of ebout 25 years and 75 years, respectlvely.

The env1ronmentallst 's report suggests that the 1936 flood is too
remote for design and recémmends that flood protection be built for their
200~year frequency flood vhich at Leominster is about 25 percent less
than the record 1936 flooa.- This kind of logic is not new, only
less conservabtive than usuazl and in our view dangerous, particularly
when one views the nature of urban development in the area to be

‘protected and the erosive and’ ﬁestructive flow ettendant with a flood
‘of this magnitude. -

Comment I - The’ economic "benefit" of the dams lies 1argely'in the
development of land that is now subject to flooding. Once again,
Westminster is being asked to subsidize downstream communities.

Response =~ The economic "benefit" of the dams lie primarily in
providing flood protection for existing extensive developments in the
Cities of Fltchburg and Leomlnster.

Comment J - Alternatlve measures exlst. These include. smaller dams, -
~and river channel. improvements, and complete vater treatment plants
in the clﬁles that need them, .

Response « Frequently, statemenis are wade by individuals and groups

that alternative measures exist and ‘cite general concepts, such as,’
smaller dams and river channel improvements, The alternatives

offered, however, should be more than in name and concept only. o
They should be presented and analyzed to firmly establish the

feasibility of 1mp1ementat10n end to measure the real impact of



_proposed alternatives., It is a relatively easy task to conjure
conceptual alternatives but the fitting of these alternatives within-
the engineering, economic, and environmental dictates while fulfilling
. positive water resource needs is the true test.

In the preparation of the 1965 report Water Regource Development
Plan for the North Nashua River Basin, the Corps did consider
conceivable alternatives, 1t was obvious that some alternatives were
not feasible and were discarded. Those that appeared to have merit
were studied in detail. The alternatives were listed, evaluated and
the reasons wly the alternatives were discarded were stated in the
1965 report. Alternatives studied in detail included: local
protection, a closed conduit. supplemented by channel improvements, and

& tunnel diversion supplemented by channel improvements,

The alternatives to the flood problem have been re-evaluated
during preconstructlon planning and remain as stated in the 1965
report. The alternative of smaller dams was considered and was not
recommended since it would require more land, higher cost and would
be more disruptive environmentally. In addition the basin does not
have & sufficient number of suitable sites for the smaller dams.
The environmental expert, cited in Comment H, discaerded this alternative
for gimilar reasons.

ggmment K.é The Montachusetts Regilonal Plamming Commission has urged
_ that other alternatives be studied. The Nashua River Watershed
' Association opposes the dams,

Responge = As per telephone conversation (early April and 26 April
1672) with Mrs. Hugh F, Stoddart Pregident of the Nashua River Water-
shed Association; the Association is not opposed to the dams, _

Mrs. Stoddart stated that the Association's present position is that
they want the Corps to consider all alternatives prior to constructing
any of the projects in order to be sure that the plan implemented is
the best possible for the ba31n.

Comment I, - In Sept. 1969, the local interests, through the Mayor
of the City of Fitchburg, Mass. withdrew their support for the water
supply aspects of both projects.

Response - Comment is correct

Comment M - Studies made by Army Engineers (*ef letter 6/23/71) reveal
that releases or draw dovns from Nookagee Dam site for water quality
purposes could be as much ‘B8 15 feet exposing large unsightly areas
along the shoreline.

Response = See response to Comment E.



GENERAL DISCUSSION AND SUMMARY

Forest types of the areas of both proposed impoundments are typical
of Central Massachusetts and consist of softwoods, hardwoods and
nixed softwoods-hardwoods. . This mixture of forest types along with
& lesser area of associated agricultural land and wetlands serves
as & hebitat for deer, cottontail rabbits, red and grey squirrels
and chipmunks, A variety of birds were observed. While no estimate
of population densities was made, there .is no reason to believe
that the area is atypicel., Carrying capacity for deer is .
estimated to be sbout one-third that of an ideal deer habitat.

Both projects would result in loss of carrying capacity for sbout

' four deer, . ' - “ '

A second impact would be the loss of trout habitat in both projects.
- On the otheyghand, the impoundments can be expected to increase

the warm fish) habitat. However, because of probably large
fluctuations Yin volume and surface area, due to required drawdowm,
Nookagee‘Lakeﬂmay'not provide good conditions for warm water fish,

Finally, no unique habitat or site for either plants or animals

. have been found in this study. Appendices A and B list plants and
benthic animals found in this study. Furthermore, no report of
unusual habitats or species have been received from persons
knowledgeable in the biology of this region., Appendix C ig a
‘list of persons consulted during the study. ' s
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APPENDIX D

PROJECT COST AND COST ALﬁOCATION

NOOKAGEE LAKE

NORTH'NASHUA'RIVER‘BASIN,.MASSACHUSETTS

1. General. - The Nookagee Lake Project has s drainage area of

. 10.8 square miles and is located on Phillips Brook in the towns of
Westminster and Ashburnham, Massachusetts., The reservoir is designed
for multiplée use by three purposes, namely: flood control, water
quality control and recreation (limited). Allocation of costs is

required in order that all authorized purposes served by the project
share equitably in joint savings of multiple-purpose construction.

2. Method of Allocation of Costs. - Allocation of costs of the
multiple~purpose project to the purposes of flood control, water
quality and recreation were mede by the separable costs-remaining
benefits method. Costs allocated to recrestion were not apportioned
to Federal and non-Federal interests since the facilities are minimal
snd the costs are to be borne entirely by the Government.

3. Project Description. - The project is fully described in the
text of this GDM. The total reservoir storage capacity of 8,400
acre~feet consists of:

TO0 acre-feet to maximum Elev. 790.0 for a conservation minimum pool
3,000 acre-feet to maximum Elev. 816.0 for water quality control
4,700 acre-feet to maximum Elev, 835.0 for flood control.

Specific charges to water quality control include the cost of a
monitoring system and for stripping 150 acres of impoundment bottom.

The cost for obtaining access to Phillips Brook below the damsite

is considered a joint-use cost since it is intended to mitigate .

the loss of stream fishing within the reservoir area (Ref° ER 1120-2—h01)
All other project features are Jjoint use.

4, Operational Requirements. - All project features including the
minimal recreational facilities will be operated by the Corps of
Engineers.




5. Project Costs, Annual Charges and Benefits. -

a. Construction Costs. - The total cost of the project
including lands and demages is estimated at $10,500,000 at July
1972 price levels. A detailed breakdown is shown in Table D-k.
‘The feature of lands and damages includes the additional costs
for resettlement and acquisition as required under the recently
enacted "Uniform Relocation Assistance and Real Property
_Acqulsitlon Policies Act of 1970", P L. 91-646.

b. Interest During'Constructlon. = Accrued interest'durlng
. construction is computed on the basis of a three-year construction
period. This was derived by multiplying the total construction
expenditures by the 5.50 percent interest rate and by one-half
of the construction period in years.

C. Annnal Charges. - A breakdown of annual charges is shown
in Table D-5.

(l) Interest and Amortlzation.- The project is considered
to have an economic life of 100 years. Interest is computed at 5.50
percent amortized over a 100-year period.

(2) Operation and Maintensnce. - This- item is estimated
-on the basis of experience with other similar projeets in the New.
'England Area. Included are costs for maintenance of the. project
structures and for operation of multiple~purpose project features
and recreational facilities. It also includes operational
_procedures of the gates for flood control and water quality control,
as well as the permanent operating equipment and gages for monitorlng
angd recording the water quality and fluctuating storage in the
reservoir. Further, the preparation of necessary reports to the
Reservoir Control Center at NED Headquarters for regulating instructions
are also included '

(3) Major Replacements. - Allowance is made for replacement
-of items deemed to have a usable life less than that of the project
which is 100 years. Items included in the replacement cost consist
of equipment used in the operation of the project such as gates, heating
and ventilation svstems hydraulic system, pumps, generator, etc.

d. Project Beneflts. -~ The dual-purpose and. single-purpose
projects represent the most economical alternatives in which the
benefit for each of the purposes is the same as the benefit of the
'respectlve purpose in the recommended project. All the alternatives
are considered st the same site as the recommended three-purpose
project. The Nookagee Lake site was utilized as the most reasonable
single-purpose water quality alternate for the North Nashua River
Basin. The storage capacities and elevations of each of the elternatives
and the recommended project are shown in Table D-1.

a2



Purpose (1)

Flood Control
Recreation

Weter Tuality
Conservation

Teotal

Full Pool

TABRLE D-1

CAPACITIES AND ELEVATIONS

Storage Storage
In In

Lere= Inches of

reet, Runoff

4 700 8.2

3,030 5.2
TOC 1.2

8,400 1h.6

Elev., Ft. - MSL

(1) FC = Fleod Control;

(2} Includes 3,700 a.f, planned st Nookagee Lake and 800 a.f. for Whitmanville Lake.

STORAGE CAPACITIES IN ACRE-FEET

Recommended .
Project TWO PURPOSE PROJECTS SINGIE PURPOSE PROJECTS
FZ, REC & REC & FC & FC & :
wor WCC WOC REC FC REC : wWQC
4,700 - h,700 4,700 k,700 - -
- - - 3,000 - 3,000 -
3:000 3:000 39000 - - = 3,800 (2)
700 700 700 - 100 - 700
8,400 3,700 8,h00 7,700 L,BoO0 3,000 4,500
835 AT 835 832.5 821.5 812.5 820.5 (2)

REC = Recreation; WOC = Water Quality Control.

D-3



(1) Flood Control Benefits. ~ Average annual flood control
benefits, adjusted for the growth projected tc take place in the basin,
are estimated at $730,000. This value is based on Nookagee Lake
acting in a system with Whitmanville Lake and Phillips Dam after
‘completion of the downstream channel improvement along the North
Nashua River.

(2) Recreatlon Benefits. - Recreation beneflts are based
on & net average annual fishery utilization of 11 4300 fisherman- .
days. Total annual recreational benefits are estimated at $34,000.

(3) Water Quality Control Benefits. - Water quality
control benefits are estimated on the basis of a single-purpose
water quality control dam and reservoir at the Nookagee project
site. This represents the most economical alternate in the
absence of the project. Total benefits for the North Nashua River
Basin water quality control are estimated at $573,000 of which
$453,000 (79%) was accredited to Nookagee.

"6, Cost Allocations. - Costs to the project purposes were allocated.
by the Separable-Costs Remaining Benefits method. Table D=6 outlines
in detail the cost allocations and Table D-2 summarizes the resulis .
of allocation for the recommended project. . The total investment
includes the fxrst cost plus interest dnring construction.

TAEEE D-2

SUMMARY OF COST. ALLOCATTIONS

Total ‘Ahnual

Purpose , ' _"..First Cost | Investment Charges
Flood Control $ 5,700,000  $ 6,169,000 - $368,000
Recreation 570,000 296,000 23,000
Water Quality Control . 14,530,000 4,901,000 297,006
fotels  $10,500,000 - $11,366,000 $688,000

D~k



7. Comparison of Benefits and Costs. - A comparison of benefits
‘accruing to each project purpose with the costs allocated to the
respective purpose indicates that each project purpose is amply
Justlfled as shown in Table D-3. .

_ TABLE D-3 f

ECONOMIC ANALYSIS

|  Anmual’ Annuel  Benefit-

Purpose - Benefits Costs Cost-Ratio.
'Floodbontzfol' B $ 730,000 § 368,000 B 1.9'8j
- Recreation 34,000 23,000 1,50
Water quality Control o | 453,000 297,000 1.52
Totals $1,217,000  § 688,000  1.77

8. gpportionment of Costs Among Interests. -

a. Pederal. - Flood control and water guality contirol benefits
realized from construction of the recommended project are widespread
and payable in full by the Federal Government.. Because the project
includes only minimum facilities, all costs sssociated with recreation
are the responsibility-of the Federal Government.

b. Non-Federal. - There is no flh&ﬁClal 1iability, by non-
Federal interests, fbr the Nookegee Lake Project. :

_ ¢, Summary of Apportionment of Costs Among Interests._- Since
all costs are Federal, the apportionment of costs among interests
is not necessary.

9. Cost Estimates. - A summary of major construction items together
with estimated first costs is given in Table D-5. Also included are
estimates of investments, and aversage annual charges for the recommended
three~purpose project, specific and joint-use costs, and separate
single-purpose and two-purpose projects computed for cost allocation -
purposes. The detailed cost allocation is shown in Table D-6.

D-5
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02,

03.

" ol

TABLE D-k

' DETAILED COST ESTIMATE

Hand Cleaned Bedrock Surface

D6

' 8q. $35.00

(July 1972 Price Level)
. - e Unit Esﬁimgte@‘
Description Quantity ‘Unit  Price o Amount
Lands and Damages
‘Lands; Acquisition & SR
Resettlement $ 1,500,000
Relocations
Roads 1 Job L.S.. 1,143,000
Telephone 1 -~ Job L.S. 53,600
Electric 1 Job L.8. 29,000
Sub-Total 1,225,600
Contingencies - 184,400
TOTAL RELOCATIONS '$ 1,410,000
Reserv01r . |
Log Boom 1 Job . L.S. $ 20,000
Reservoir Clearing 175 Ac. $900 157,500
Grubbing & Stripping 166 Ac.  $2,k00 . 398,400
 Contingencies 8&,100 |
TOTAL RESERVOIR $ 650,000
Dam
- Preparation of Site 1 ~Job. L.S. $ = 15,000
River Diversion 1 - Job L.S. - 10,000
Control of Waters _ -1 Job L.S, - 95,000
- Unclassified Excavation 293,000 C.Y. $1.00 : 293,
General '

Unclassified Excavation 1,160,000 c.Y. $1.30 1,508,000
Borrow ' . o
Rock Excavation - Open Cut 56,000 c.Y, $4.20 235,200

100 3,500
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. TARIE D-U4 (Continued) .

o ' - S : Unit
‘Description S Quantity Unit Price
- Dam-
 Compacted Impervious Fill 720,000  C.Y. .o
Compacted Random Fill 370,000 C.Y. ho
Compacted Pervious Fill 17,000 C.Y. RTo
Backfill Gravel : 3,000 c.Y. 6.50
Compacted Drainage Fill - 86,000 Cc.Y, 5.00
Compacted Impervious Backfill 8,000  C,Y. 6.00
Road Gravel 3,700 c.Y. 3.20
Gravel Bedding 55,000 C.Y, 2.00
Spoil Fill : ‘ 12,000 C.Y. R Te)
" Uncompacted Impervious Fill 2h 000 c.Y. .20
Additional Embankment Rolling 200 Hrs. ' 30.00
Rock Protection 68,000 c.Y.  3.10
- Foundation Grouting : ' 1 Job L.S.
Concrete - Walls & Weir 1,830 c.Y. - 75.00
Concrete - Spillway Lining 570 c.Y. 90,00
Concrete Intake Tower to El. 845 1,020 c.Y. 80.00
Concrete Intake Tower above El. 845 80 c.Y. 180.00
Concete -« Inlet Structure 140 c.Y, 90.00
Concrete - Stilling Basin 230 . C.Y. 90.00
Concrete -~ Transition & Conduit 1,140 c.Y. 90,00
_ Concrete - Bridge Abutment & Piers 4g0 c.Y. 75.00
Concrete - Service Bridge Deck 0 c.Y. 110.00
_Cement 8,400  BbL. ~ 6.50
Steel Reinforcement ‘ -+ 330,000 Lbs. . 25
Rubber Water Stop 4oo L.F. 5.00
" Anchors 130 ea. 50,00
Structural Steel - Misc. ' 7,000 Lbs. .60
Structural Steel Service Bridge 1 Job L.8S.
Aluminum . 8,800 Lbs. 3.00
- Misc. Metals , - 8,000 Lbs., - 2.00
Intake Tower - Superstructure - 1  Job L.S.
Gate Vent Systenm 1l Job L,.8.
Float Well & Accessories 1 Job L.S.
Heating & Ventilating System 1 Job L.S.
Hydraulic Gates & Machinery 1 Job L.s,
Emergency Stop Gate - "1 Job L.8.
Elevator 1 Job L.S.
Water Quality System Pipes and Gates 1 Job L.S.
Crane and Hoist 1  Job L.S.

Estimated

Amount

$ 288,000 -

. 148 ooo'_
30,800
19,500

430,000
48,000
11, Buo-

110,000
4,800

4,800
6,000
210,800
25,000
137,250
51,300

- 81,600 -
14,400
12,600
20,700

102,600

36,750
- 9,900
54,600
82,500
2,000
6,500
4,200
75,000
26,400
16,000
5,000
10,000
6,000
4,000
70,000
10,000
25,000
30,000
5,000



TABLE D-l (Continued)

: .Uhit

Estimated

TOTAL BUILDING, GROUNDS & UTILITIES

p-8

Description © Quamtity  Unit Price  _ Amount
Ob. Dam - . |
Diesel Engine 1 Job LS. § 6,000
Sump Pump ' 1 .Job " L.S. 2,000
Electric Work 1 Job - L.S. 25,000
Tile Gage g 1l Job L.S. - 2,000
L' Chein Link Fence , 1,300 L.F. L,00 5,200
18" Double Swing Gate _ | 1 Ea.  h00.00 koo
Topsoiling - S - k000 C.Y. 7.00 - 28,000
Seeding - S s Ac.  800.00 “}4,000
Guide Rail K 4,000 - L.F. . 3.00  __ 12,000
Sub-Total - | | &,hBl,lhOi
Contingencies (15%) 668,860
TOTAL DAM ' $5,150,000
08. Roads
‘Roads - SR . R Job  L.S. © 1,300
Contingencies . 700
TOTAL ROADS '$ 5,000
14, Recreation Facilities |
Recreation .~ . . 1 Job. - L.S. 13,000
Contingencies o 22060 :
TOTAL RECREATION FACILITIES $ 15,000
19. Building, Grounds and’
Utilities |
Bldg., Grounds & Util. - 1. Job.  L.S. 113,000
Contingencies ' ,172000

$ 130,000



TARLE D-b (Continued)

Estimated

- | Unit
Description . Quantity Unit Price Amount

20, Permsnent Operating Equiﬁment o
Pérm. Oper. Equipment : : 1 Job L.S. $ 52,000
Contingencies 8,000
TOTAL PERMANENT OPERATING EQUIPMENT $ 60,000
30, Engineering & Design $ 910,000
31, Supervision & Administration $_ 670,000
TOTAL PROJECT FIRST COST 10,500,000



TABLE D.§

SIMUARY OP CONSTUCTION EXPRMDTTURSS AND ANMUAL CRARGES
(In $1,000 - July 1972 Price level}

RECOMMEHLED MULTTPLE-FURPOSE FROJECT ALTERMATIVE TWO-PURPGSE PROJECTS ALTIRMATIVE SINGLE.PURPGSE PROJECTS
Specific Coste
- Pm_g;gt. Flood Water Quality Joint-Use Total Recreation Flood Control Flood Control Water Quality

Features Control BRecreation Control Costs Coats Water Quality Nater Quality Recreation Flood Control mm Comtrol
Lands & Damages : 1,500 1,500 950 1,500 1,lc0 1,150 80 795 of tetal
Belocations 1,ho 1,h1o 1,380 1,110 1,410 1,390 1,360
Reservoir 500 150 650 & é50 150 33 120 bt of Singla-
Dam . 5,15g 5.152 3a5115> 5.152 1u95§ h,ohg 3,052
Roads Purpose Wookages
Recreation Facilities 15 130 J-;g 15 132 :ég Bg g
Bldga., Grounds & Dtils, Froject
i s S ; 3 - L o £ 2 emesemw

eeting & 079 -
B rios & hstsistration 2 50 &28 &1 5ig &5 £2 538 jors * 38,70}

TOTAL PROJECT FIRST COST o 2 $ 620 % 9,860 $10,500 $ 7,980 $10,L80 $ 9,510 $ 35,000 $ 6,600 $ 6,900
Construction Period (Years) 3 3 3 3 3 2 3
Spillway Crest Elsv., Fi.,-MSL ’ 835 816 5 832,85 823.5 812,85 80,8 (1)
Investent & dnmizl Chargen
Gonatruction Expenditures 20 620 9,560 10,500 7,980 10,480 9,510 8,000 6,600 6,900
Interast During Construction (S} 2 0 "813 "866 *558 "Bes 788 *é60 %3 "ots
Total Inveatment 22 671 10,673 11,366 8,638 11,3L5 10,295 8,660 &,963 7,069
Chargess

Int, & dmort, (4055261) 1 k1) 590 628 hTr 27 569 Ly 385 ) h13

Oper. & Maint. L 5 L [A] 8 b5 Ly L8 26 30 n

Major Heplacements 1 0 1 L ] % € k 3 -4 3

TOTAL ANNGAL CHARGES 5 & h2 635 688 526 682 621 S08 !!11 453

(1) Nookuges Site
D10




NOQKAREE LAKE = CAST ALLOCATION

TABRLE D-6

ALLOCATION HBY SEPARARLE COSTS=-REMAINING SENEFTTS METHOD

TThx

Ay ALLOUATINN OF RygnijalL CPsTE-
AR AR R ERE RS S S RRRI LRSS RN ]
1, 4FrgF Ty
2, ALTERAATH (0572
S, HEARFITS L1&TTFD BY ALTERNATE (UST
4, SefaRaL- (OST
D, Feralvtal eRSEF TS
6, RATIN O REmMAV[V BRNFFITS -
7. ALLOTATED JOTNT TOSTS
by TOTAL BLLUCATn, PROJFLT COST

B A LUCATION LIF LOSS OF PRODUCTIVITY
LA A2 Z R AL RS AR AR SAR RR 2l R 2l
1, SEFARAMLE CO&TS
2 ALLOCATER JaIaT CIOETS
S, ToTal ALLRFATIANS

Cv ALLOCATION OF OPSRATIONM + rATNTEMAMCK
LALZR LR XA RARI SRR ARt R RE 2]

1, SEPARBQLE FOSTS

2, ALLOCATED JUTaT ZU57S

S TuTAaL sLLafRTINN

4, SARCIFTIC CrsTs

5, ALLOGATEN JOTNT=08E CORTS

6, HATIN FOS ALLOG NF gn[HT=uSE CNSTS

Oy ALLIPATICN OF Ma O3 WEPLACEMENRTS
WAR I FERAANT T A AT TN IPan R F T A AN F T
1, SEFARAQLE MnOsTs
“o ALLOCATED U0fwT CURTS
&, TOTAL ALLOCAT[NNS
4, SPRCIFIC CNHTS
b, ALLOPATED JOTwT-uNF COSYS

E. ALLUMATIOW OF TXVESTMERT + FIRST GAST
LAA X RS R AL AL RSl sARa Rl Al l]
1, AnMJAL JMVFSTMENT
2, ALLOCATED TNWERT¥ENT
S, RATIN OF ALLACATSH Abnual INVEST, -
4, TNITIAL €Ox$TRGUCTINON EXPEND]TURE

Fo ALLUCATINN UF ROMETRUCTION EXPENNITURE

I I SRR RS PR RS SR AR SRR AR R A2 2R )
1, SPECIFIC [MVFSTMENT
2, [NVESTMEMT (v n1aTeDSF FACILITIFS
S, INTERERT DUHIwnG GNHST, JOINT=USE FAC,
4, COCSTEXPENMDITURFE IN JRIMT=USE Fag,
9, RAaTIN 0F COWST,EYA,IN JOINT-USE FAC,
b, CONST . FXPEVUTTURE [N SPEGIFIC COSTS
7, TOTAL CONSTHRCT[hn EXPREND]TURES

G, S[UMHMARY
LR R R 2 LN BJ
1, TOTab COMST SXPEMOITURFS [ROUNDEDR)
¥y ANMUAL CNSTS
S, ANMUAL HENFFTTS -
4, REAEFIT/CORT ®RaT10 =

FLnpi
CANTROL

7300040,
508000,
508001,
1462000,
345000,

45,578
206234,
348234,

0,

m,

go0Qn,
15479,
44876,
apon,
20479,
49,54%

2n00,

911,
2911,
1000,
1911,

Jdnndh,
61ABESS,

54,279
BHPHBST .

",
ALABBSA,
468903,
SH9H957,
R1,79%9
.,
B698952,

8700500,
368234,
73p00n,

1,98

HATER
SUPPLY

0,
0,

coocoo

ococoo

D-1L

RECHREATION

34000,
417000,
34900,
6000,
26000,
$.684
16689,
28689,

9.

5000,
1253,
6253,
5000,
1253,
3,055

0,
74,
74,

74,

16363,

2735848,

22000,
274152,
20883,
253269,
2.969
20000,
2737269,

2700040,
22689,
34000,

i,50

WATER
QUALLTY
CONTROL

4530600,
453000,
453000,

67000,
3846000,

56,789
230078,
297076,

coo

6000,
17268,
23268,

4000,
19268,
46.994

2000,
1014,
3014,
1080,
2016,

270792,
49009%2,
43.120
4527575,

6710400,
4229992,
322213,
3507779,
3%.633
620000,
4527779,

4530000,
297076,
453000,

1.52

NAVIGATION

o
o
oo oCOoOCOo0

e s O o= oo

PORER

Q.
0.
0.
0.

0,060
0.
9.

0.

0.

Q.
0.
0.
0.
0.

n.000

Scoooo

G
t.
0,
a.
b, 000
0.
0.

TOTAL

1217000,
13760040,
995000,
235000,
760000,
100,00¢
453090,
488000,

0.

0.

20000,
340800,
54700,
13600,
41040y
100,000

4000,
2600,
6000.
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4008,

628900,
11366008,
190,000
1pE0dopa.

693040,
10673000,
813pp0.
9860000,
100,000
640000,
105004900,

195000490,
6BADpOD,
1217600,
1,77
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| APPENDIX E
THERMAL SIMULATION AND DENSITY CURRENT ANALYSES
SELECTIVE WITHDRAWAL OUTLET SYSTEM
NOOKAGEE LAKE, MASSACHUSETTS

1. INTRODUCTION AND PURPOSE

The heat budget and density current analyses presented herein
were performed in accordance with the requirements of ETL 1110-2-
160, dated 17 November 1972. The objectives of this study are to
simulate the thermal stratification which will occur in Nookagee
Lake and to develop design criteria for the selective withdrawal
outlet system to be included in the project. Design criteria
include the capacity and location of the multi-level intakes to
meet designated release temperature objectives.

2. PROJECT DESCRIPTION

A general description of Nookagee Lake Project features and -
description of the Phillips Brook and North Nashua River water-
sheds are contained in Design Memorandum No. 1, Hydrology (revised).
Nookagee Lake conservation storage will contain 3,000 acre-feet
for water quality contrel and 700 acre-feet for combined dead pool
and sediment accumulation purposes. Storage space in the amount
of 4,700 acre-feet (8.2 inches) is provided for flood control.
Area-capacity curves are shown on plate 2-12 of the main section.
of this General Design Memorandum. _

The project will be operated as part of a system which includes
the authorized Whitmanville Lake and Phillips Brook Dam Projects to
provide low flow augmentation for water quality control and flood
control for the principal communities of Fitchburg and Leominster,
along the North Nashua River, and other communities.

3. SELECTIVE WITHDRAWAL SYSTEM

In addition to the flood control outlet at the bottom of the
intake tower (elevation 753 feet ms1), multilevel intakes will



provide the means for selective withdrawal and thus tﬁe‘capabi]ity
to regulate the physical/chemical quality of releases during periods
of lake temperature stratification.

The selective withdrawal system will basically consist of a
standpipe (wetwell) located within the interior of the dry flood
control tower to which inlets will be connected at elevations
determined by this study. Releases will discharge through the
standpipe into the flood control conduit at a point downstream
from the flood control service gate. A detailed descr1pt1on of
the selective withdrawal system will be presented in DeSIQn Mem-
orandum No. 9, Hydraulic Analysis.

4. THERMAL SIMULATION ANALYSIS

. a. General. The thermal simulation analysis provides the
means to design selective withdrawal outlets to meet the water
quality objectives of the Nookagee Lake Project. In the analysis,
heat budget methods were employed which evaluate the exchange of
heat energy within the impoundment over specified intervals of.
time caused by the following phenomena: thermal energy transfer
across the air-water interface; advection of thermal energy by
inflow and outfiow; and internal thermal energy transfer.

. b. Méthod of Analysis. To accomplish the task of performing
the compliicated caiculations involved in the heat budget analysis,

a mathematical model was employed which was developed by Water
Resources Engineers, Inc. {WRE) of Walnut Creek, California. A
document describing this computer program and ent1t1ed "Applxcat1on
of WRE Reservoir Temperature Simulation Model," (ref. 1) was trans-
mitted to Corps offices nationwide in 1971 by the North Pacific
Division, for whom it was developed. The slightly modified version
of this model developed by the Water Quality Section staff at the
Ohio River Division office in Cincinnati was used in this analysis.

¢. Selection of Study Years. The approach taken in this study
was to examine the syntheSIZed hydrologic record of Phillips Brook
streamflow (described in paragraph 4d) for average and extreme con~-
ditions. This was accomplished by performing both high and low
flow-duration-frequency analyses for the period from June through
September (inclusive) using the synthesized data for the entire
record from 1919 through 1969. However, as the corresponding stream
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temperature data was only available for the period beginning in
1954 (see paragraph 4d) the three study years, an average runoff
year, a dry year and a wet year, had to be chosen from this shorter
record. Table I gives a summary of the hydrologic characteristics
of the three years selected.

' CTABLE I
FLOW-DURATION-FREQUENCY DATA
“"“"§EEEETEﬁ‘§TUﬁ3‘VEKﬁ§““

Phillips Brook at Nookagee Lake
' D.A. = 10.8 Sq. Mi.

Average Dry Wet

Year o _ 1956 1964 1969
Low 60-day mean flow, cfs 1.2 0.2 12.9
Percent chance of non- '
exceedence ' 20.8 1.3 94.8
Low 120-dayﬂmean fiow, cfs 4,6 0.6  16.5
Percent chance of non- | :
exceedence 46.1 1.3 92.8
High 60-day mean flow, cfs 7.7 1.0 - 25.4
Percent chance of exceedence 50.0 98.2 7.2
High 120-day mean flow, cfs 4.8 0.6 16.7
Percent chance of exceedence 52.0 98.7 7.2

~Note: Analyses based on flow data for the 122-day period
from June through September for 51 years of record beginning 1919.
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d. Preparation of Model Data. Phase I of the WRE Model, The
Thermal ModeT Data File, requires the input of data which is em-
ployed to maintain the mass balance and for computing the thermal
energy transfer within the impoundment which results from the
advection and surface heat exchange processes. The following
subparagraphs describe the methods emp]oyed in developing these
data:

(1) Inflow. As there is no record of streamflow for
Phillips Brook, data was synthes1zed in the same manner reported
in Design Memorandum No. 1, Hydrology (revised): daiiy flow data
obta1ned from the USGS gag1ng station on nearby Priest Brook
(D.A. = 19 sq. mi.) was multiplied by the ratioc of drainage areas
to deve1op the inflow to Nookagee Lake for 51 years of record.

(2) Outflow -and Storage. Hydrologic rout1ng of da11y
1nf10ws through storage under simulated operation using planned
~discharge criteria and storage rule curves was performed to develop
the daily outflow and storage data. It was necessary to perform .
these routings for the entire 51-year record so that storage values
‘on the first day of each study year (1956, 1964 and 1969) would
properly reflect antecedent conditions.

‘ (3) Meteorological Data. The first phase of the WRE Model,
the Thermal Model Data File, requires data for the basic meteoro-
logical parameters affecting the heat transfer process at the air-
water interface. In this study five parameters were used: sky
cover; wind speed; dry bulb temperature; dew peoint temperature

and atmospheric pressure. Data for these parameters were averaged
for each 3-hour time interval and were .obtained from the records

of the National Weather Service's Windsor Locks weather station
located near Hartford, Connecticut, This is the nearest first-
order station able to provide data which has prevailing climatoliogy
similar to that of the Nookagee Lake Project area. The NWS main-
tains a first-order station at Boston, which is closer, but it is
located directly on the coastline where it is subjected to hydro~
meteorological conditions greatly influenced by the ocean and thus
the data are not representative of climatological conditions inland.

(4) Streamflow Temperature.

(a) Inflow. There are no recorded straamf]ow temper-
ature data for Ph1111ps TTips Brook with the exception of that collected
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by NED on an' irregular basis during the low flow period of each

year since 1970. The USGS has maintained a temperature record at

its streamflow and quality monitoring station on the South Brarnch
Ashuelot River at Webb near Marlborough, New Hampshire since 1954.
Comparison of the temperature data recorded at this station with

the spot data taken on Phillips Brook for water years 1970 and

1971 resulted in confidence that it would be a good index of the
inflow temperature to Nookagee Lake. However, as the South Branch
Ashuelot station has a contributing area of 36.0 square miles,
compared with 10.8 for the project, a direct transp051t1on of the _
data was not considered appropriate. Instead, a regression equation
was developed which relates air temperature and flow, the independent
variables, to daily average streamflow temperature, the dependent
variable. Daily average air temperature data for 1956, 1964 and 1969
were taken from the record at Birch Hill Dam in Recyalston, Massa-
chusetts (see plate E-1) which is published by the National Weather
Service. The following regression equations were deve1oped for

the three study years:

Year | Equation
17.9295 + 0.3527 Aj + 0.1172 A;_y + 0.2309 Aj_p - 0.0638 O

1956 T; =
1964 T, = 15.8652 + 0.3877 A; + 0.1362 Aj_y + 0.2696 A;_, - 0.0610 Q;
1969 T; = 18.3067 + 0.3203 A; + 0.0686 A, _; + 0.3066 A; , - 0.0506 Q;

where:

Julian day,

i

Stream temperature (°F) for day i,

T; =
A; = Average daily air temperature (°F) for day i,

Ai-f = Aﬁerage daily air temperature (°F) for day i-1,

Aj_p = Ayérage daily air temberature (°F) for day i-2, and
Q4 = Mean daily discharge (cfé) for day 1.

The multipTe correlation coefficients and the standard errors of °
estimate for the three equations are 0.95, 0.94, 0.94 and 3.9, 4.9,
4.1, °F, respectively. Inflow temperature data for Nookagee Lake

E-5



was then developed by use of the above equations using the Birch
Hi1l Dam air temperature data but substituting the synthesized
flow data for Phillips Brook in place of the South Branch Ashueiot
flows. Plate E-2 shows plots of the synthesized stream temper-
atures for the three study years. These data were used as input
to the first phase of the WRE Model for daily average inflow tem-
perature.

(b) Outflow. Harmonic curves were fitted to each
of the 3 years of inflow temperature data using the method of

least squares. The equations describing these curves are given
below: :

Year | Eguation

1956 Ty = -14.931 Sin (Bi + 62.162) + 49.344
1964 T. = -16.968 Sin (Bi + 60.336) + 52.749
1969 T; = -16.272 Sin (Bi + 68.247) + 50.509
where:

Julian day,

i

T, Computed stream temperature (curve Va1ue) for day i, °F.,

j
B

0.9863 angular degrees per day or 0.0172 radians per day.

The harmonic curves generated by these equations represent the
natural variation of stream temperature of Phillips Brook for
the spec1f1ed years and are shown on plate E-2.

Representatives of the Massachusetts Department of Natural
Resources have indicated acceptance of the natural stream tem-
perature variation as the release temperature objective for oper-
ation of the Nookagee Lake Project. The harmonic curve data for
the 1956 study year was chosen as representative of the average
annual temperature variation of Phillips Brook and was used in
the WRE Model as the objective outfiow temperature for the three

study years.



(5} Selection of Qutlet Levels and Capacities. The daily
historical routings used to determine the outflow data were ailso
used to evaluate the seasonal pool discharge and drawdown fre-
quencies. -This information was used in determining the initial’
locations of the selective withdrawal outlets and the total proj-
-~ ect outlet capacity. The seasonal pool drawdown frequency curves
are shown on plate E-3. Evaluation of these curves in conjunction
with the e]evation-capacity curve (plate 2-12 in the main section
of this GDM) resulted in the selection of 3 selective withdrawal
outlets in addition to the flood control outlet {elevation 753.0
feet ms1) for input to the WRE Model. These were located at center-

line e]evat1ons 781.0, 793.0 and 805.0 feet mst.

The capacity of each selective withdrawal out1et was based on
the thesis that the quality of releases could be controlled even
during minor flood events that do not materially upset the lake's
thermal stratification. An evaluation of data resulting from the
discharge frequency analysis led to the adoption of a design dis-
charge capacity equal to 110 cfs for each selective withdrawal
outlet. This rate of discharge has a 20 percent chance of exceed-
ence and equals a runoff rate from the contributing area of 10 csm.
‘Under normal operating conditions during the period of lake strati-
fication, release rates will generally range from 20 to 30 cfs.

e. Sensitivity Analysis. For phase II of the WRE Model, the
actual temperature simulation program, data are required for use
in the equations by which the internal energy transfer processes
are computed. These data, along with an explanation of how they
are used in the model, are described in detail in reference 1.

Three of these are major variables that control the processes
for development of the temperature induced density stratification
of the proposed impoundment: effective diffusion, D.; stability,
E; and short wave solar energy extinction depth, Z As the
therma] simulation of a proposed impoundment is nog an exact science,
these variables must be estimated for the first trail run and then
varied in a response-evaluation process which frequently is termed
"sens1t1v1ty analysis."

- In this study of Nookagee lLake, the sens:t1v1ty analysis was
performed under the guidance of Messrs Drummond ‘and Robey of the
Ohio River Division Water Quality Section staff. Temperature profiTes



‘measured during calendar years 1970 and 1971 at Littieville Lake,
-Huntington, Massachusetts, were used as a basis for estimating
trial values of these major variables and for comparison of the
characteristics of the computed profiles. A series of trials was
made with the model using hydrometeorological data for the 1956
study year. In the response-evaluation process, two of the three
variabies were held constant while varying the third. Trial values
of the effect1ve d*ffus1on coefficient varied from 0.05 to 0 10
Kcal m™ gec °¢-!; the stability was varied from 50 x 10-8 t

100 x 10 H whi1e the short wave energy extinction depth was
held constant for all trials at 6.1m (20 feet). The result of.
this sensitivity analysis was the selection of the following values
for use in the "production" runs for each of the three study years:

De - E 74
0.075 75 x 100 6.1

f. Results. The WRE Reservoir Temperature Simulation Model
performs the reservoir heat balance for each computational period
(3-hour interval in this study) while simultaneously withdrawing
the releases from either one outlet or two adjacent outlets to
meet the daily objective outflow temperature. For this study,
output was prepared at the 4th execution interval (12:00 noon)
every 7 days during the period beginning Julian day 121 and
ending Julian day 335. OQutput consisted of the temperature-depth
profite of the impoundment, the level(s) of withdrawal and the
computed outflow temperature,

Temperature-depth profiles were p?otted for selected days in
each study year and are shown on piate E-4. They are arranged
so as to graphically display the development and breakup periods
of thermally induced density stratification. It can be observed
from these profiles that thermal stratification at Nookagee Lake
will generally begin during late April and extend through the
summer months until early fall (September-October) at which time .
the so-called "fall-turnover" takes place and the lake again becomes
isothermal. The largest temperature gradients occur during July
with maximum surface temperatures ranging between 75° and 80° F.
during July and August. The WRE Model results indicate that max-
imum hypolimnion temperatures 1a? the peak surface temperatures
by two or three weeks and generally attain values around 55° F,
However, during hot, dry years the temperature in this zone can
reach as high as 67° F. as evidenced by the 1964 study year results.
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The large differences in hydrological and metecrological con-
ditions between the three study years are evidenced by the wide
variations in the corresponding temperature-depth profiles for
given dates in the Tow flow season. It is considered that these -
simulated thermal conditions for Nookagee Lake represent the range:
of conditions which can reasonably be expected to occur during
the project's operational Tifetime.

As such, the computed outflow temperatures for the selected
study years yield a measure of the project's ability to be oper-
ated to meet the designated temperature objective under widely
varying hydrometeorological influences. To evaluate this meas-
ure of the effectiveness of the proposed outiet arrangement, out-
flow temperatures for each study year were plotted against the
curve of natural annual temperature variation (see paragraph 4d).
These plots are shown on plate E-5.

The comparisons show that the computed outflow temperatures
fall within a tolerable range around the designated objective
temperature curve. Even during the extreme drought year, 1964,
the maximum deviation is only 7° F. The results are satisfactory
and indicate that the locations of the selective withdrawal out-
lets at centerline elevations 781.0, 793.0 and 805.0 feet msi
provide the means to effectively control releases to meet the
designated stream temperature objectives.

5. DENSITY CURRENT ANALYSIS

a. General., The characteristics of flow in a density strat-
ified impoundment differ greatly from those in one which is iso-
tropic. Study of the hydromechanics of flow from stratified res--
ervoirs was made at the Corps' Waterways Experiment Station (WES)
and the results were published in WES Technical Report H-69-10
entitled, "Mechanics of Flow from Stratified Reservoirs in the
Interest of Water Quality," (reference 2). Basically, the depth
and position of the zone of withdrawal and the velocity profile
“associated with it were found to be a function of the discharge
‘rate and the density gradient.

Having already developed the temperature-deﬁth-profiTes in

the thermal simulation part of this study, the density gradients
were therfore known. Thus both the data and methods were available

E-9



~ with which to compare the relationships of withdrawal zones under
several different thermal regimes. Evaluation of the depth and -
positioning of the withdrawal zones provided another measure of
the adequacy of the selective withdrawal system to meet water
quality management objectives.

b. Procedure. Temperature-depth profiles deveioped for each
study year were reviewed and the profiles for Julian days 182,
196 and 231 were selected for use in the density current analysis.
Selection of these profiles was based primarily on the fact that
- they exhibit large temperature gradients (with the exception of
day 231 in 1964) and occur during the July-August period when
attainment of water quality management objectives is most critical.

. For development of the withdrawal zones and velocity profiles, .
a series of discharge rates were used which ranged from those rep-
resentative of normal low flow augmentation releases to those
associated with the S-year frequency {stratification period) flood
event. Values used in the study were 10, 20, 50, 75 and 110 cubic
feet per second

The temperature-depth profiles and d1scharges were input to a
computer program developed by WES (reference 2) which performed
the otherwise -arduous task of computing the vertical dimension
and position of the withdrawal zones and corresponding velocity
profiles by the methods developed in the WES studies of the mechanics
of stratified flow. Velocity profiles were computed for each dis-
charge rate at each selective withdrawal outlet and then plotted
against the temperature and density profiles for each study day
and year.

c. Results. A total of nine density profiles were thus ana-
1yzed to demonstrate geometry. The resulting velocity profiies
are shown on plates E-6 through E-14, inclusive. The profiles
show that . the withdrawal zones are coterminous at lower discharges
 but superpositioning of these zones becomes greater with increasing
discharge. This characteristic provides visual indication that
operational changes can be accomplished from one withdrawal level
to another without causing abrupt changes in the downstream
environment. ,
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6. CONCLUSIONS

The results of the thevmal simulation and density current
analyses yield evidence that selective withdrawal cutlets located
at centerline elevations 781.0, 793.0 and 805.0 feet ms1 and sized
to pass discharges up to 110 ¢fs will adequately meet the present
water quality management objectives for the Nookagee Lake project.
Of almost equal importance is the fact that the withdrawal zone
characteristics are such that the withdrawal system is adaptable
to possible changes in thése objectives during the project's oper-
ational lifetime.
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